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Preface 


In the preface to the first edition, we discussed the origin of the evolving multidisciplinary 
subspecialty of interventional urology. We summarized the brief history of our individual 
involvement and gave gratitude to two of the pivotal individuals who helped make this endeavor 
a reality. It is clear that the specialty is continuing to grow and the essential cooperation among 
specialists perseveres. Our dedication for this edition is even more personal. We both were 
raised by physician fathers who profoundly influenced our career paths. 

The late Dr. Israel Siegel, who graduated from Chicago Medical School in 1951, practiced 
internal medicine in the small suburban town of Bayonne, New Jersey. While tirelessly devot- 
ing himself to his clinical practice, he also became heavily involved in hospital leadership. He 
was always working towards advancing and raising the standard of the practice of medicine in 
that hospital. During his upbringing, David observed his father’s compassionate care for his 
patients and his dedication to lifelong learning. Their home was co-located with the office. He 
was happy to be approached by patients while shopping or in social situations, and father-son 
activities were often punctuated with a trip to make rounds or a house call to see a particularly 
sick patient. David was instilled with the attitude that caring for others was a genuine privilege 
rather than a right or a vocation. 

Dr. Rustom Rastinehad completed his residency at the University at Buffalo and was the 
first practicing urologist in the small upstate town of Saratoga Springs, New York, circa 1975. 
As the son of a physician in this rural setting, Ardeshir was afforded some unique experiences. 
At the age of 10, he was able to remove staples from post-operative patients, and remembers 
his father’s careful supervision and the graciousness of the patient when he performed his first 
rigid cystoscopy in his father’s office at age 17. Dr. Rastinehad always had a story to tell. When 
Ardeshir showed interest in pursuing a hybrid career in interventional radiology and urology, 
he pointed out that years before he performed aorto-renal angiograms with direct aortic punc- 
tures, assessing patients for renal masses; he pointed out that this “new” approach was, like 
everything, just an extension of what has come before. 

We are sure that without the love, guidance, and inspiration of these two unique individuals, 
our respective careers would have been quite different. Our earliest experiences helped lay the 
foundation for a love of medicine and the appreciation of what it means to care for others. Our 
accomplishments are firmly positioned on their shoulders and we dedicate this book to them. 


New York, NY, USA Ardeshir R. Rastinehad, DO 
New Hyde Park, NY, USA David N. Siegel, MD, FSIR, FACR 
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History of Interventional Urology 


Michael E. Moran, Ilan Z. Kafka, and Timothy D. Averch 


As in all the sophisticated developments of specialization 
and subsequent subspecialization, the foundations of IU tend 
to become blurred because of complex cross-pollenization 
by many individuals and groups. The beginnings of interven- 
tional urology stem from early advances in urology and 
evolved into ever more sophisticated interventional and 
radiological methods. “Urology can be said to owe its exis- 
tence as a specialty to the inventive genius of Thomas Edison 
and Wilhelm Conrad Röntgen. [1] The above quote was one 
of the several that were utilized by urologist and uroradiolo- 
gist Howard M. Pollack in just one of his many monumental 
contributions to this field [2]. 


X-Rays 


X-rays and radiology leaped upon the practice of medicine 
with astounding rapidity within months of discovery by 
Wilhelm Conrad Röntgen on Friday evening, November 8, 
1895. He intensively and rapidly investigated these new find- 
ings, which were actually observed by others, including both 
Tesla and Edison. He published his Uber einae neue Art von 
Strahlen on December 28, 1895, in the Sitzungsberichte der 
Gesellschaft [3]. X-rays and radiation itself proliferated with 
rapid and with almost reckless abandon. It was not uncom- 
mon to have X-ray units in shoe stores that people would 
come in to try on shoes just to see their foot bones wiggling 
inside the shoe. It is fitting that the dangers of X-rays were 
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specifically presented to the world by none other than Lord 
Lister himself in 1869, the same year as R6ntgen’s paper 
appeared. Just two years after R6ntgen’s work, another 
source popularized the invisible ray in another altogether 
eloquent way: H.G. Wells. In his War of the Worlds, the 
Martians used a heat ray, “the ghost of a beam of light,’ “an 
invisible yet intensely heated finger,” or “an invisible, inevi- 
table sword of heat.’ But the history of this phenomena 
involves many other investigators, including Sir William 
Crookes (1832-1919) [4]. 

In 1895, Röntgen was studying the phenomena accompa- 
nying the passage of an electric current through gases of low 
pressure. He was following leads by many others, including 
Thomas Edison and Heinrich Hertz. He utilized a tube modi- 
fied from Sir William Crookes that was initially described by 
Ruhmkorff. On the evening of November 8, 1895, he discov- 
ered that the tubes emitted another type of ray that passed 
through coatings. Wilhelm Conrad Röntgen, a shy physicist 
working in Germany, experimented with his Crooke’s tube 
after covering the cylinder with black cardboard to prevent 
leakage of cathode rays. He noted that a screen painted with 
a fluorescent substance lit up brilliantly with each discharge 
from his Crooke’s tube, even at some distance from the appa- 
ratus. He dropped all of his other studies to investigate this 
striking, almost incredible phenomenon. He told his wife 
that if he did not pursue this matter and simply reported it, he 
was convinced people would say, “Roentgen has gone mad.” 
After about 6 weeks of intensive investigation, he finally 
wrote a short treatise in a small academic journal on January 
1, 1869. Within days, major newspapers had picked up upon 
the story and by the end of 1869; there had been more than 
1,000 articles about X-rays. The popular knowledge about 
the X-ray was typified by one article in the journal 
Photography 
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I hear they’ll gaze 
through cloak and gown- and even stays, 
those naughty, naughty, Roentgen rays. [3] 


Röntgen proceeded to perform subsequent experiments 
prior to publishing and presenting his findings on December 
28, 1895. His paper was rapidly translated into many lan- 
guages and Die Presse, a Vienna newspaper, heralded the 
breakthrough on its front page of the Sunday edition; “A sen- 
sational discovery of Professor ‘Routgen’ of Wurzburg has 
stirred the imagination of leading scientists.” [3] He proceeded 
to make a series of photographic X-ray impressions, including 
the most famous of his wife’s hand and sent them with a copy 
of his paper to other physicists whom he knew were interested 
in this work [5]. On January 1, 1896, Röntgen wrote to several 
of his colleagues and enclosed in some cases at least eight 
images or examples of the very first radiographs, each marked 
with the stamp “Physik Institut der Univeritdt Würzburg.” He 
included these in the first of his three papers on X-rays [6]. 
R6ntgen’s own attitude on his own work was one of caution. 
Sir Arthur Schuster, a professor of physics at the Manchester 
University, was one of the first English persons to receive this 
envelope. He noted “J opened a flat envelope containing pho- 
tographs, which without accompanying explanation, were 
unintelligible. Among them was one showing the outlines of a 
hand, with its bones clearly marked inside. I looked for a letter 
which might give the name of the sender and explain the pho- 
tographs. There was none, but inside an insignificant wrapper 
I found a thin pamphlet entitled “Uber eine neue Art von 
Strahlen.” by W C Röntgen.” Soon Shuster would complain 
that “my laboratory was inundated by medical men bringing 
patients, who were suspected of having needles in various 
parts of their bodies and during one week I had to give the best 
part of three mornings locating a needle in the foot of a ballet 
dancer.” [4] The firestorm had started, and several textbooks 
on X-rays were rapidly published. 

Röntgen was literally overwhelmed by the attention his 
new found X-ray had produced, and he withdrew from the 
scene and further work in this area. He did receive the first 
Nobel Prize in Physics in 1901, but he politely declined to 
give a Nobel speech being both shy and never a good public 
speaker. Within a few weeks of R6ntgen’s announcement, 
the use of X-rays spread fast and widely, and its first reported 
use under clinical conditions was by John Hall-Edwards in 
Birmingham, England, on January 11, 1896, when he used 
them to locate a needle stuck in the hand of an associate [7]. 
In 1896, a total of 49 books and brochures and 1,044 scien- 
tific essays were written on the scientific aspects and possi- 
ble applications of the newly discovered X-rays. A multitude 
of these publications dealt specifically with possible applica- 
tions in medicine [8]. 

In the military, doctors started using X-rays to locate bul- 
lets in human flesh and photograph broken bones. X-rays 
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Fig. 1.1 A radiograph of a bullet in the elbow of a soldier 1897. (From 
Thomas [11] with permission) 


were first used on casualties from the Abyssinian War of 
1896, and the developing radiological technology rapidly 
progressed and was applied to military and general surgery 
[9] (Fig. 1.1). Harvey W. Cushing (1869-1939) is considered 
the father of neurosurgery and was a gifted writer, winning 
the 1926 Pulitzer Prize for his biography of his mentor and 
idol Sir William Osler. Cushing was born in 1869, the tenth 
child from a family with strong lineage of physicians and 
scholars. He had just completed his internship at the 
Massachusetts General Hospital in 1895 when Röntgen dis- 
covered the X-ray. Cushing helped develop the early X-ray 
program in Boston. On February 15, 1886, a mere 6 weeks 
from Röntgen’s report Cushing wrote to his mother “Every 
one is very excited over the new photographic discovery. 
Professor Roentgen may have discovered something with his 
cathode rays that may revolutionize medical diagnosis.” He 
and the house staff at MGH purchased their own X-ray 
machine, and, when he left for Johns Hopkins, it was rumored 
that he took the tube with him. He certainly brought his radio- 
graphic interests with him to Baltimore, and he helped junior 
house staff develop the first X-ray equipment at Johns 
Hopkins. In Cushing’s own words is the description of the 
first X-ray examination performed at Johns Hopkins. “/t was 
in the fall of 1896 that I went to Johns Hopkins and made the 
first roentgenograms that were taken there, with the aid of a 
decrepit and perverse static machine as big as a hurdy-gurdy 
and operated in the same way, by turning a crank. My first 
paper submitted for publication contained an account of a 
case of a gunshot wound of the spine with plates showing a 
bullet which a Baltimorean had planted in the body of his 
wife’s sixth cervical vertebrae.’ He apparently became the 
technician during the early years, despite his grueling sched- 
ule as a resident on William S. Halsted’s surgical service. 
Another Hopkins’ man who also interacted closely with 
Cushing was Hugh Hampton Young. Young was given the 
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role to develop genitourinary surgery by the Chief, William 
S. Halsted at the Johns Hopkins University. Hugh Hampton 
Young’s textbook of Urological Roentgenology appeared in 
1928 [10]. Now, radiology began to assume its modern foun- 
dations in the diagnosis and management of urinary 
pathology. 


X-Rays and Urology 


Some of the earliest medical research involving X-rays 
involved the investigation and exposure of the biliary and 
renal tracts; John Macintyre, a Scottish doctor, imaged a kid- 
ney stone using X-rays. He was able to make a diagnosis of 
this stone only after five different patients suspected clini- 
cally of having renal calculus were photographed with nega- 
tive results; but on the sixth attempt, in a patient previously 
known to have renal calculi, he was able to obtain a picture 
of an obliquely placed elongated deposit within the silhou- 
ette of the kidney. He confirmed the diagnosis in the subse- 
quent operation and reported the case in the July 11, 1896, 
issue of The Lancet [12]. Macintyre began, “During the past 
four months I have, at the request of several physicians and 
surgeons, tried to photograph some cases in which the pres- 
ence of renal calculus was suggested by the symptoms pres- 
ent.” [12] He reported that he at first tried to X-ray and 
photograph prepared stone specimens ex vivo. This already 
had been done, however, on April 21, 1896 by Félix Guyon 
who presented a radiological appearance of urinary and bili- 
ary stones ex vivo. Macintyre then went into the clinical 
details; he had been asked to X-ray a patient of Dr. James 
Adams of Glasgow who had already had a stone with surgery 
and was again symptomatic. He apparently noticed a recur- 
rent stone on his X-ray photograph after 12 minutes of expo- 
sure time. The surgeon confirmed the location and size of the 
recurrent calculus and a new era had dawned. Macintyre also 
organized the first department of radiology in the UK, 
invented cineradiography, and just so happens to be a distant 
relative of famed Scottish missionary David I. Livingston. In 
1898, Longard reported the discovery of a ureteral calculus 
with the use of X-rays [13]. Yet not everyone was convinced 
of the utility of ROntgen’s new rays, Sir Henry Morris, the 
first person to remove a kidney stone by surgery, wrote, “In 
my opinion the Roentgen Ray is a scientific toy in renal 
cases, and our practice of surgery ought to be based upon 
other factors in every case [14].” 

Before 1895, the practice of urology was almost exclu- 
sively based on cystoscopy, itself a relatively new develop- 
ment, as well as on laboratory and physical examination. 
RGntgen’s discovery changed the world of urology forever. 
Dr. Henry W. Cattell, Instructor of Anatomy at the University 
of Pennsylvania, in the USA, wrote, “...the manifold uses to 
which Roentgen’s discovery may be applied in medicine are 
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so obvious that it is even now questionable whether a sur- 
geon would be morally justified in performing a certain type 
of operations without first having seen pictured by this rays 
the field of his work...” [15]. 

One of the first textbooks on X-rays was Henry Snowden 
Ward’s 1896 work entitled Practical Radiography [16]. An 
American book followed a bit later in the year by an electri- 
cal engineer, Edwin Hammer and a New York City physi- 
cian, Henry Morton (X-Ray; or, Photography of the Invisible 
and its Value in Surgery [17]). In their work, Morton and 
Hammer speculated rather presciently about many of the 
future applications regarding the new ray. Morton would 
continue in the field and published The Archives of the 
Roentgen Ray beginning in July of 1897. David Walsh pub- 
lished the first medical textbook in1897, The Röntgen Rays 
in Medical Work [18]. He covered a large possible scope for 
application. Francis Williams from Boston published his 
1901 textbook called The Roentgen Rays in Medicine and 
Surgery [19]. Here, he describes the possibility of diagnos- 
ing stone disease. In 1915, Robert Knox of London pub- 
lished his Radiography, X-ray Therapeutics and Radium 
Therapy where he also mentions genitourinary applications 
[20]. This brings us to E. Hurry Fenwick’s 1908 textbook 
The Value of Radiography in the Diagnosis and Treatment of 
Urinary Stone. A Study in Clinical and Operative Surgery 
[21]. “Two groups of professional workers are mainly con- 
cerned in a careful study of shadows cast by the Röntgen 
rays in the urinary tract- the operator and the radiographer. 
Both work independently and yet both are interdependent. 
The former cannot justly cast the responsibility of shadow 
deduction upon the latter, though he is dependent upon him 
for skill in shadow detection. The radiographer cannot be 
content with merely producing shadows: he must aspire to 
the knowledge of their causation, and to obtain this he must 
examine critically and learn from the work of the operator. 
Each must give: each take.’ There is no better opening para- 
graph to a new era of diagnosis than this one. Fenwick delin- 
eated the course of the ureters trying to limit the risks of 
phleboliths (calcified venous valves in the pelvis) which had 
caused false negative ureteral explorations. His book has 
eleven chapters and is richly illustrated by eighty x-ray 
plates. At this early phase of radiography, this textbook was 
landmark and clearly pointed out the potential for changing 
the way stone patients were to be diagnosed. 


Adding Contrast 


At the Hôpital Necker in Paris, the department of urology 
was strongly interested in stone disease and Félix Guyon 
helped promote the first X-rays of stones. By 1897, the first 
four radiological laboratories had been created in Paris, and 
Guyon’s colleagues Théodore Tuffier and Janet introduced 
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the ureteral catheters and X-rayed the patients [22]. Joaquin 
Albarran (1860-1912) was a Cuban-born urologist trained in 
Barcelona but had come to work with Guyon. He developed 
a whole host of technologies to improve the radiologic diag- 
nosis, including the first radiolucent catheters. Albarran was 
the first urologist to ever be nominated for a Nobel Prize in 
1912, but he died just prior to the election. Howard Kelly at 
Johns Hopkins worked with finely waxed catheters prior to 
radiology that would become scratched or etched when 
encountering a stone. The X-ray was a vast improvement 
over this nonspecific methodology. The first ureteral cathe- 
ters in use were radiolucent and mounted around a lead wire; 
this technique was subsequently replaced by making the ure- 
teral catheters themselves radiopaque, by impregnating their 
walls with iron oxide. By 1914, another Guyon-trained urol- 
ogist named Pasteau developed a marked semi-opaque centi- 
meter scaled ureteral catheter to better localize stones [23]. 
As contrast materials were being considered, the first utilized 
were gases such as air, oxygen, and carbon dioxide. In 1903, 
Wittek injected air into the bladder to better X-ray and iden- 
tified a bladder stone. In 1905, Wulff and Albers-Schonberg 
in Hamburg injected air and bismuth into the bladder of a 
stone patient. The search for better ways to visualize the uri- 
nary tract continued; next came the use of air as a contrast 
agent by Wittek, who succeeded in demonstrating cystoli- 
thiasis, thus giving birth to the air cystogram [24]. Replacing 
air as a contrast medium was the next step, and Wulff, in 
1904, was the first to employ a radiopaque solution com- 
posed of 10% bismuth subnitrate and starch, filling what was 
in all likelihood a huge diverticulum as well as the bladder 
itself [25]. 

This solution was soon replaced by a different liquid con- 
trast agent containing a colloidal suspension of silver, giving 
better image quality. By injecting larger quantities of solu- 
tion into the bladder, it could delineate the ureters and renal 
pelvises, giving birth to the first retrograde pyelograms [26]. 
The usefulness of this technique was quickly recognized but, 
unfortunately, so were the dangers associated with the silver- 
containing contrast agent. The search for safer materials 
began, and sodium iodide solutions, first described by 
Cameron in 1918 [27], became the contrast agents of choice 
for retrograde pyelography. 

The next step in this evolutionary process was to elimi- 
nate the need to directly introduce the contrast agent into the 
urinary system. An indirect means might be faster and safer. 
The discovery of iodine as an intravenous safe radiocontrast 
agent was accidental. In the early 1920s, when iodine- 
containing compounds were used to treat syphilis, a team of 
workers at the Mayo Clinic, Earl Osborne (a syphilologist), 
Albert Scholl (a urologist), Charles Sutherland (a radiolo- 
gist), and Leonard Rowntree (an internist), described the use 
of intravenous and oral sodium iodide to visualize the uri- 
nary tract. Osborne noticed that the urinary bladder was vis- 
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ible on radiographs of patients taking large doses of oral and 
intravenous sodium iodide for the treatment of syphilis. The 
visualization of the renal pelvis was poor, but the authors 
calibrated the dose of iodine against the urinary iodine con- 
centration and the degree of bladder radiopacity, and thus, 
they went on to perform the first successful clinical pyelo- 
gram. However, sodium iodine was far too toxic for clinical 
radiodiagnosis [28]. 

A few years later, in 1928, Moses Swick, while an intern 
at Mount Sinai Hospital in the Department of Urology, trav- 
eled to Hamburg, Germany, on a research scholarship to 
work with Professor Leopold Lichtwitz in the treatment of 
human biliary infections with the use of iodinated drugs. It 
occurred to Swick that these drugs, containing iodine, might 
be of value in visualizing the renal tract by radiography [29]. 
He made several studies in laboratory animals. The initial 
studies were very encouraging, and, in order to gain access to 
the large number of patients, Swick transferred his work to 
Berlin to the urological department of Professor Alexander 
von Lichtenberg. Consequently, the first successful human 
intravenous urography (IVUs) was produced using a soluble 
iodinated pyridine compound solution (Uroselectan) [30-32] 
(Fig. 1.2). 


Fig. 1.2 Intravenous urography by Swick, (arrows) showing renal 
calyceal systems and bladder opacified. (From Swick [29] with 
permission) 
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In fact, iodinated pyridine compounds were routinely 
used to perform IV urography for the next 20 years. 


Percutaneous Interventions 


Percutaneous interventions on the urinary tract came much 
earlier than the discovery of X-rays. In 1686, Toler inserted 
cannulas through the perineum to relieve urinary retention 
from impassable urethral strictures. 

Riolan used a suprapubic approach to the bladder, while 
Heisler, in 1770, left a suprapubic cannula in place perma- 
nently in men suffering from bladder outlet obstruction. 

In the latter half of the tenth century, the Arab physician 
Serapion is said to have thrust a red-hot iron through the 
flank and extracted a renal calculus. A related story is the one 
of Hobson, the British consul at Venice in the mid-seventeenth 
century, who, following surgery for renal colic, continued to 
pass urine through a fistula in his flank until one day, his 
wife, using a small dagger for a probe, extracted a date- 
shaped calculus from the tract, after which the man had no 
more symptoms [33]. 

Thomas Hiller, a British pediatrician, in 1864, inserted a 
needle into the hydronephrotic kidney of a four-year-old boy 
and removed more than three liters of urine, repeating the 
procedure several times during the boy’s life [34]. Several 
physicians took up this practice, but because of serious com- 
plications related to the procedure, especially peritonitis, 
caused it to be undertaken only under the most obliging cir- 
cumstances, and it was eventually abandoned. 

Interventional uroradiology as we know it today really 
began in 1939 when Archie Dean, an urologist at Memorial 
Hospital in New York, performed the first diagnostic percuta- 
neous puncture of a renal mass. The return of clear fluid rather 
than blood made it possible to differentiate between cyst and 
neoplasms. However, in 1954, Wickbom, in Sweden [35], first 
utilized percutaneous puncture of the renal pelvis for antegrade 
pyelography and used this technique systematically in the diag- 
nosis of outflow obstruction (Figs. 1.3 and 1.4). 

A year later, Goodwin and Casey, from the University of 
California in Los Angeles, were the first to use percutaneous 
nephrostomy as a therapeutic approach for draining 
obstructed kidneys and gaining surgical access to the renal 
collecting system, leaving a length of polyethylene tubing 
for drainage [36]. 

Kurt Lindblom reported percutaneous puncture of both 
cystic and solid renal masses employing, for the first time, 
fluoroscopy for localization and contrast material instillation 
to outline the interior of the lesion [37]. 

Ernest Rupel and Robert Brown from Indianapolis 
described the utilization of a cystoscope to aid in the clear- 
ance of complex stone burdens in 1931 [38]. This was fol- 
lowed by planned pyeloscopy reported by Trattner at the 


Fig. 1.3 Antegrade pyelography (1954). After direct puncture of the 
left renal pelvis, contrast material demonstrates dilation of the pelvis 
and upper part of the ureter. There is complete obstruction of the ureter 
at the pelvic inlet (arrow). (From Wickbom [35] with permission) 


annual meeting of the American Urological Association 
Meeting in Boston and written in the Journal of Urology in 
1948. Trattner’s method of pyeloscopy was performed at an 
open setting [39]. 

The utility of upper urinary tract access was further 
expanded when Kapandji performed manometric studies of 
the renal pelvis following percutaneous puncture, serving as 
a base for the work of Robert Whitaker of Cambridge, 
England, who perfected the technique of pyeloureteral infu- 
sion with pressure-flow monitoring [40]. 

Goodwin and Casey’s method was essentially blind, in 
order for them to insert a large trocar successfully, and it 
needed a markedly dilated renal collecting system. In 1965, 
Bartley and his associates in Göteborg in Sweden adapted 
Seldinger’s method of vascular catheterization and imple- 
mented it in the placement of percutaneous nephrostomies 
(Fig. 1.5). They described the use of fluoroscopic localiza- 
tion, guide wires, and angiographic catheters, thereby giving 
rise to percutaneous nephrostomy (PCN) as it is similarly 
performed today [41]. 

In 1976, radiologist Ingmar Fernstrom and urologist 
Bengt Johansson published their benchmark work on 
removal of kidney and ureteral stones through a percutane- 


Fig. 1.4 Percutaneous trocar nephrostomy (1955): method and land- 
marks. Optimum puncture site is usually about five fingerbreadths lat- 
eral to midline and at a level where a 13th rib would be. (From Wickbom 
[35] with permission) 


ous approach and thus dramatically changed the practice of 
urology, giving birth to percutaneous nephrolithotomy 
(PCNL) [43]. 


Ultrasound 


While at first renal biopsies were done “blindly,” in 1956, 
Lusted and his associates introduced biopsy under fluoro- 
scopic control. Subsequently, almost every imaging modality 
came to be utilized in localizing the kidney for biopsy [44]. 
Sonography-guided localization, which was first suggested 
by Berlyne in 1961, became the most popular method until 
this day [45]. 

The human application of ultrasound began in 1880 with 
the work of brothers Pierre and Jacques Curie, who discov- 
ered that when pressure is applied to certain crystals, they 
generate electric voltage [46]. 
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In 1912, the sinking of the RMS Titanic sparked the pub- 
lic’s desire for a device capable of echolocation. This was 
intensified 2 years later with the beginning of World War I, as 
submarine warfare became a vital part of war strategy. 
Canadian inventor Reginald Aubrey Fessenden—perhaps 
most famous for his work in pioneering radio broadcasting 
and developing the Niagara Falls power plant—volunteered 
during World War I to help create an acoustic-based system 
for echolocation. Within 3 months, he developed a high- 
power oscillator consisting of a 20-cm copper tube placed in 
a pattern of perpendicularly oriented magnetic fields that was 
capable of detecting an iceberg two miles away and being 
detected underwater by a receiver placed 50 miles away [47]. 

In 1936, German scientist Raimar Pohlman described an 
ultrasonic imaging method based on transmission via acous- 
tic lenses, with conversion of the acoustic image into a visual 
entity. Two years later, Pohlman became the first to describe 
the use of ultrasound as a treatment modality when he 
observed its therapeutic effect when introduced into human 
tissues [48]. 

A few years later, in 1954, Dr. Joseph Holmes, a nephrol- 
ogist, described the use of ultrasound to detect soft tissue 
structures with an ultrasonic “sonascope.” This consisted of 
a large water bath in which the patient would sit, a sound 
generator mounted on the tub, and an oscilloscope which 
would display the images. The sonascope was capable of 
identifying a cirrhotic liver, renal cyst, and differentiating 
veins, arteries, and nerves in the neck [49] (Fig. 1.6). 

In 1963, Japanese urologists Takahashi and Ouchi became 
the first to attempt ultrasonic examination of the prostate; 
however, the image quality that resulted was not interpreta- 
ble and thus carried little medical utility. Progress was not 
made until in 1976 when Watanabe et al. demonstrated radial 
scanning that could adequately identify prostate and bladder 
pathology. Watanabe seated his patients on a chair with a 
hole cut in the center such that the transducer tube could be 
passed through the hole and into the rectum of the seated 
patient [50] (Fig. 1.7). 

Astraldi, in 1925, was the first to carry out prostatic biop- 
sies by the transrectal route. In 1930, Ferguson described a 
transperineal technique for aspirating prostatic tissue for 
cytological examination [51, 52]. Franzen first employed the 
currently used transrectal route for aspiration cytology in 
1960. 

The first to use real-time sonography for localizing the 
prostate for biopsy was done by Harada et al., while Ragde, 
Aldape, and Blasko adapted an automatic spring-loaded 
biopsy device (Biopty) for use in the prostate gland, making 
the procedure both more diagnostically accurate and less 
bothersome for patients [53-55]. 
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Fig. 1.5 Seldinger’s technique. (From Seldinger [42] with permission). 7 Needle inserted into a vessel. 2 Wire guide inserted through the needle. 
3. Needle comes out, leaving the wire guide in place. 4—6 Catheter inserted over the wire and into the vessel 


Computed Tomography and Magnetic 
Resonance 


Although the development of both CT and MRI technologies 
had almost a comparable timeline, each modality is based on 
a completely different principle. In 1917, Radon, a leading 
mathematician, found that formulas could be utilized to 
reconstruct a three-dimensional object from a very large 
number of two-dimensional projections of that object. 


Based on Radon’s principle and algorithms, in 1971, South 
African-born physicist Allan Cormack at Tufts University 
and English engineer Godfrey Hounsfield at EMI Laboratories 
in England, separately developed modern computer-based 
tomography scanning machines. In April 1972, at a seminar 
at the British Institute of Radiology, Hounsfield formally pre- 
sented the results he had obtained using the EMI scanner, and 
descriptions of the device appeared in many publications, 
including The British Journal of Radiology. 
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Fig. 1.6 Series of somagrams taken over the liver area of the abdomen. 
The first is of a normal individual as food is passing down the intestinal 
tract. (a) abdominal wall, (b, c) intestinal tract, (d) food. The second is 
of a patient with moderately advanced cirrhosis with hepatomegaly. (a, 
b) abdominal wall, c ascites, d enlarged liver (hepatomegaly). The third 
is of a patient with far-advanced cirrhosis where one can note the 
snowstorm-like appearance of the liver. (a) abdominal, (b) enlarged 


liver. The fourth is of a patient with diffuse miliary melanoma of the 
liver. (a) liver with diffuse melanoma. The fifth is a thorium dioxide 
radiograph of a patient with nodular metastases in the liver. The sixth 
picture is the corresponding somagram of the same patient. a abdomi- 
nal wall, b liver, c liver metastasis. (From Holmes et al. [49] with 
permission) 
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Fig. 1.7 (a) Watanabe’s chair, (b) display of patient with BPH, (c) display of prostate with a nodule. (From Watanabe et al. [50] Copyright 1957 


John Wiley & Sons, Inc, with permission) 


Working independently, these two scientists later jointly 
received for their achievements the Nobel Prize for physiol- 
ogy or medicine in 1979. 

In a very few months, by spring of 1974, computed 
tomography was recognized as a major improvement by 
radiologists throughout the world, and the name CT was 
soon known to politicians, government regulators, and the 
general public. 

The first clinical CT scanners were installed between 
1974 and 1976; they could only be used for the head and had 
a very slow scanning time of about 4.5 min for each image 
“slice.” These were years of rapid growth in both use and 
media popularity of CT in neuroradiology practice. CT was 
not yet technically able to image other parts of the body with 
enough speed to be clinically useful [56-58]. 

Late in 1975, EMI, the original developer of the commer- 
cial CT scanner, announced a new CT unit, which success- 


fully initiated a scanning technology with an eighteen-second 
scanning time that allowed practical imaging of the chest, 
abdomen, and pelvis. Body CT had arrived. 

As advances in cross-sectional imaging allowed more 
expeditious acquisition of images, percutaneous biopsies 
started to be performed under CT guidance. The potent com- 
bination of accurate imaging with specific tissue diagnosis 
revolutionized the care of a wide range of patients and virtu- 
ally ended the need for the exploratory laparotomy in spe- 
cific cases [59, 60]. 

The drainage of intra-abdominal collections could be per- 
formed radiologically and percutaneously with small cathe- 
ters instead of large surgical incisions. Percutaneous abscess 
drainage was soon to become a very popular standard of care 
with radiologists, surgeons, and patients [61]. 

The fast development of this imaging modality makes it 
an essential part of every medical discipline where the pos- 


10 


sibilities are endless: three-dimensional reconstruction, CT 
guided biopsies and tumor ablation, and _presurgical 
planning. 

Magnetic resonance imaging (MRI) is one of the most 
important noninvasive imaging modalities in clinical diag- 
nostics and research techniques that has evolved as a clinical 
modality over the past 30 years. The origins of MRI, or NMR 
(nuclear magnetic resonance), as it was termed in the past, 
however, can be traced back for over a century. Along the 
way, many scientists from diverse disciplines have made 
remarkable contributions that have brought the field to its 
present state. The success of MRI is in part brought about by 
the ability to image tissues with high resolutions in three 
dimensions, routinely down to | mm at clinical field strengths 
and smaller when necessary. 

MRI was founded on the pioneering work of Felix Bloch 
and Edward Purcell in the field of NMR. These two indepen- 
dent groups discovered NMR almost simultaneously. Their 
investigations, for which they received the Nobel Prize in 
1952, focused on transition of magnetic nuclei and magnetic 
induction in bulk matter. In the same year, an American 
physicist by the name Herman Carr produced a one- 
dimensional MRI image [62]. 

In 1971, Raymond Damadian, a physician, at the 
Downstate Medical Center, State University of New York 
(SUNY), published a paper in Science, in which he reported 
that tumors and normal tissue can be distinguished in vivo by 
NMR [63]. 

In 1974, Paul C. Lauterbur, a chemist working in the 
USA, and Peter Mansfield, a physicist working in England, 
without knowledge of each other’s work, described the use 
of magnetic field gradients for spatial localization of NMR 
signals. Their discoveries laid the foundation for Magnetic 
Resonance Imaging (MRI). For their contributions, Lauterbur 
and Mansfield were jointly awarded the 2003 Nobel Prize in 
Physiology or Medicine [64]. 

By 1975, Peter Mansfield and Andrew Maudsley pro- 
posed a line scan technique, which, in 1977, led to the first 
image of in vivo human anatomy of a cross section through a 
finger. In 1977, Hinshaw, Bottomley, and Holland succeeded 
with an image of the wrist [65] and Damadian et al. created 
a cross section of a human chest [66]. More human thoracic 
and abdominal images followed, and, by 1978, Hugh Clow 
and Ian R. Young, working at the British company EMI, 
reported the first transverse NMR image through a human 
head [67]. Two years later, William Moore and colleagues 
presented the first coronal and sagittal images through a 
human head. 

The Fonar Corporation introduced the first commercial 
unit designed by Raymond Damadian, at the meeting of the 
American Roentgen Ray Society in June 1980. 

In 1980, Edelstein et al. from Aberdeen University in 
Scotland demonstrated imaging of the body [68]. A single 
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image could be acquired in approximately 5 min by this 
technique. By 1986, the imaging time was reduced to about 
5 s without sacrificing significant image quality. 

As larger-bore magnets were produced and surface coil 
technology was applied, MRI of the spine and larger body 
parts or regions became possible, and organs in the chest, 
abdomen, and pelvis became the subject of investigations. 
With the advent of surface coils, contrast agents, and faster 
pulse sequences, the scope of information that can be derived 
from MRI has greatly expanded. 

Shortly after the introduction of clinical MRI, the first 
contrast-enhanced human MRI studies were reported in 
1981 using ferric chloride as a contrast agent in the gastroin- 
testinal tract. In 1984, Carr et al. first demonstrated the use of 
a gadolinium compound as a diagnostic intravascular MRI 
contrast agent [69]. Currently, around one-quarter of all MRI 
examinations are performed with contrast agents. 


Development of Interventional Urology 
and Uroradiology 


“There is another way in which the Röntgen rays connect 
themselves with physiology, and may possibly influence med- 
icine. It is found that if the skin is long exposed to their action 
it becomes very much irritated, affected with a sort of aggra- 
vated sun-burning. This suggests the idea that the transmis- 
sion of the rays through the human body may be not 
altogether a matter of indifference to the internal organs, but 
may, by long-continued action, produce, according to the 
condition of the part concerned, injurious irritation or salu- 
tary stimulation.” Lord Joseph Lister, September 1896 [70] 
By early 1869, Henri Becquerel was already a well- 
established scientist in his own right in several fields when 
he learned of the news about Röntgen rays. He immediately 
suspected that the rays might not be emanating from the 
cathode but from the fluorescent spot where the cathode rays 
hit near that end of the tube. He began to experiment with a 
specimen of uranium salt wrapped in black paper placed on 
a black-wrapped photographic plate with a small copper 
cross in between. He was “stupefied” with the intense expo- 
sure that occurred similar to that of Röntgen the year before. 
He also did more experiments also noting that it not only 
darkened the photographic plates but also ionized the air ren- 
dering conductive to electricity (he studied static electricity 
which dissipated in close approximation to the uranium) 
which would prove to be a very sensitive method of measur- 
ing Becquerel’s rays. He went on to investigate other fluores- 
cent substances finding no correlation with the production of 
the “uranium rays.” The reaction to Becquerel’s discovery 
was the exact opposite of R6ntgen’s; it was largely ignored 
except by a few isolated, eventually well-known researchers 
including Pierre and Marie Curie and Earnest Rutherford. 


1 History of Interventional Urology 


All radioisotopic and nuclear studies of the urinary tract owe 
some sense of historical development to these pioneers. 

The rise of X-ray utilization has become so prevalent that 
the frequency of examinations in the USA is estimated to be 
one per capita. In the 1930s and 1940s, mass screenings using 
X-rays were employed to identify patients with tuberculosis. 
In the 1960s, mammography was developed to screen for 
breast cancer. In the 1970s, computerized tomography was on 
the rise and has rapidly become the gold standard for patients 
with stone disease. It has been estimated that a CT scan has 
about 8 milligray, or about 200X the dose of an ordinary X-ray. 
In the 1990s, about 9% of all X-rays in the USA were now CT 
scans. The number of radiologists has expanded faster than the 
population of the USA! The rapid and continuous develop- 
ment of imaging and interventional techniques is utterly 
important to urology and other surgical specialties as they try 
to focus on diagnosis and minimally invasive approaches to 
historically major surgical and diagnostic procedures. 

The field of interventional urology owes its roots to these 
discoveries and their continuous technological evolution. It is 
apparent that the specialization and rapid development of 
advances in interventional radiology and urology were over- 
seen and reported upon by Howard M. Pollack (1928-200) 
who was trained as both a urologist and a radiologist and who 
founded the division of uroradiology at the University of 
Pennsylvania and sadly died of metastatic kidney cancer [71]. 
In 2011, Dr Art Rastinehad become the first dual fellowship 
trained interventional urologist completing IR fellowships at 
Long Island Jewish Hospital and National Institutes of Health 
as well as an Society of Urological Oncology Fellowship. 
Soon after, Dr. Timothy McClure became the first board certi- 
fied diagnostic/interventional radiologist and urologist in 
2016. 
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Principles of Ultrasound 


Ultrasound is a type of mechanical energy that produces 
vibrations as it traverses any given medium. These vibrations 
create varying areas of pressure. The alternations between 
areas of high and low pressure are measurable against time 
and termed the wave frequency with Hertz used as the unit of 
measurement. By convention, it is generally accepted that 
the speed of sound propagation is 1540 m/s, which repre- 
sents the average speed at which sound travels in soft tissues. 
The unit of time of a cycle of the wave is called the period, 
and the distance between wave crests is termed wavelength 
[1-3]. 


Ultrasound in Tissue 


In order to compose an ultrasound image, pulses of sound are 
sent into the target tissue. These pulses are very short, 
approximately 1 ms or less, and as they move through tissue, 
echo signals are produced and reflected back toward the 
source, termed a transducer. Different tissues interact differ- 
ently with these sound waves. They are reflected, refracted, 
and/or absorbed by the tissue structures and then captured by 
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the transducer, which then formulates an image. It is these 
differences in tissue interaction, the echotexture, that allow 
for anatomical imaging to be formulated. Structures that 
appear bright are termed hyperechoic, while structures that 
are dark are referred to as hypoechoic, and intermediate, 
mid-level echogenicity is termed isoechoic [1, 2]. 

The amplitude of the echo signal of imaged tissues is 
dependent on the number of scatterers per unit volume, 
the acoustic impedance, the sizes of the scatterers, and the 
ultrasonic frequency. The term hyperechoic refers to tis- 
sue which yields higher scatter amplitude and hypoechoic 
refers to tissue with lower scatter amplitude. Thus, both 
are used to describe the scatter characteristics of tissue rel- 
ative to the average background signal. Areas that appear 
hyperechoic are generally composed of greater numbers 
of scatterers and possess larger acoustic impedance differ- 
ences as well as overall larger-sized scatterers. Acoustic 
scattering from nonspecular (diffuse) reflectors increases 
with frequency. Specular reflectors are largely independent 
of frequency. It is therefore usually possible to enhance the 
scattered echo signals by using higher ultrasound frequen- 
cies [1-3]. 


e Bright (hyperechoic): renal sinus fat, renal calculi 

e Dark (hypoechoic): renal pyramids 

e Uniform, mid-level echogenicity: renal cortex 

e Notable reflective surfaces: anterior surface of kidney 


Smooth surfaces of tissue reflect sound waves in a rather 
predictable way, and when the angle of reflection is perpen- 
dicular to the tissue surface, a large proportion of the sound 
is reflected back to the transducer. This angle of reflection, 
termed the angle of incidence, is a key component of ultra- 
sound imaging. When sound waves reflect off an irregular 
surface, a smaller proportion of the waves are reflected back 
to the transducer and often the strength of these waves is 
diminished. Thus, these surfaces are termed diffuse (non- 
specular) reflectors [1, 3, 4]. 
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Impedance 


Impedance is another factor in determining the strength of 
sound reflected by tissue surfaces or echoes. It describes dif- 
ferences in tissue density (denser and stiffer tissues having 
greater impedance compared to those less dense tissues) and 
how sound is reflected differently at tissue interfaces. For 
example, lung is much less dense than liver, and thus, liver has 
a higher impedance to the sound waves than lung. Sound is 
reflected differently at different tissue interfaces, and the 
sound that is not reflected is transmitted or absorbed. The echo 
strength is dependent on the amount of reflection and thus 
dependent on tissue interfaces with regard to their differences 
in impedance. Soft tissue adjacent to air-filled lungs provides 
a large difference in acoustic impedance. The sound waves 
incident on the soft tissue of the lungs are almost entirely 
reflected and appear very hyperechoic. In fact, so much of the 
beam is reflected that structures posterior to the air are not 
visualized. When adjacent tissues have similar acoustic imped- 
ances, only minor reflections of the incident energy will occur. 
Acoustic impedance gives rise to differences in transmission 
and reflection of ultrasound energy, which provides the foun- 
dation of pulse-echo imaging [1, 3, 4]. 
Impedance values of biological tissue (Unit = Z [rayls]): 


e Air-Muscle: 0.98 

e Fat-Muscle: 0.015 

e Liver-Muscle: 0.0003 

e Bone-Muscle: 0.41 

e Liver-Kidney: 0.00003 
[4] 


Refraction 


Similar to the behavior of waves of light energy, sound is 
refracted when it enters an interface at an angle which is non- 
perpendicular and when the density of the mediums on both 
sides of the interface differs. The latter alters the speed at 
which the wave propagates and helps to create a change in 
the angle of propagation of the sound wave, termed the 
refraction angle. This angle increases with increases in dif- 
ferences in tissue density and therefore with larger differ- 
ences in the wave’s speed between two tissues. Although it 
may seem counterintuitive, dense and compact tissues, such 
as muscle and bone, allow for higher speeds of sound, while 
sound is slowed in less dense tissues such as fat and fluid. 
Refraction at interfaces between different tissues thus bends 
the sound wave beam and its reflected echoes. A clinical 
example demonstrated as edge (refraction) artifact encoun- 
tered in the imaging of a simple cyst demonstrates posterior 
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Fig. 2.1 Renal cyst. Sagittal sonographic image of the left kidney 
demonstrates a well-circumscribed, anechoic, thinly walled lesion with 
posterior acoustic enhancement, a finding which is often used to defini- 
tively characterize a lesion as cystic 


acoustic enhancement with shadowing at the lateral edges 
(Fig. 2.1) [2, 4]. 


Attenuation 


Attenuation refers to decreases in sound beam strength as it 
travels through tissue. Frequency is a determining factor of 
attenuation, and the higher the frequency of the sound wave, 
the greater the attenuation. The penetrating power of sound 
is therefore limited at higher frequencies. Tissue density is 
another determining factor of attenuation. Reflections and 
refractions are some of the reasons for this phenomenon. 
Another is the conversion of the sound energy to heat. 

Acoustic shadowing is an example of attenuation differ- 
ences in action. The term refers to lost through transmission 
of the sound beam. An example is seen in renal calculi which 
both absorb and reflect the sound beam, resulting in acoustic 
shadows posterior to the calculus, due to marked attenuation 
of the sound beam (Fig. 2.2). In contrast, posterior acoustic 
enhancement is a phenomenon produced when attenuation 
of a structure is less than that of surrounding tissue, resulting 
in greater amplitude of the beam posterior to the structure. 
This is falsely displayed as an increase in echogenicity of 
the tissue posterior to the weakly attenuating structure. In 
clinical practice, this is commonly seen in the setting of a 
simple renal cyst (see Fig. 2.1) or any other fluid-containing 
structure, such as the urinary bladder [2, 4]. 


e Attenuation coefficients for selected tissues at 1 MHz 
e Material attenuation coefficient (dB/cm) 
e Water 0.0002 
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Fig. 2.2 Renal calculus. Sagittal sonographic image of the right kidney 
demonstrates a calcified renal stone with the classic appearance of an 
echogenic lesion causing posterior acoustic shadowing 


e Soft tissue 0.3-0.8 
e Fat 0.5-1.8 

e Bone 13-26 

e Air 40 [4] 


Pulse-Echo Imaging Modes 
A-Mode (Amplitude Mode) 


A-Mode is no longer utilized in the clinical setting. A short 
ultrasound pulse propagates into tissue and creates an echo, 
and this echo is received, amplified, and displayed as ampli- 
tude vs distance [2] 


M-Mode (Motion Mode) 


Echo signal amplitudes are modulated according to levels of 
brightness and are displayed in a variety of shades of gray. 
The ultrasound beam is fixed at one position yet is observed 
in real time while scanning, allowing for the imaging of the 
motion of moving structures. A clinical example of M-mode 
use is in echocardiography, in which real-time evaluation of 
myocardial motion is performed [2]. 


B-Mode (Brightness Mode) 


This mode produces a 2-D image via modulating the echo 
signal amplitudes to various levels of brightness. This allows 


echoes to be displayed as lines with the imaged composed of 
“point-by-point variations in brightness level aka various 
shades of gray.” In practice, structures that are more reflec- 
tive appear more hyperechoic than those that are less reflec- 
tive. Furthermore, the pulse line can be swept across tissue 
planes and produce cross-sectional imaging in the 2-D plane 
[2, 3, 5]. 


Transducers 


The sound beam is created by the transducer which makes 
use of a phenomenon called the piezoelectric effect to con- 
vert electrical energy into vibrational energy. This is 
accomplished by alternating electric current to the trans- 
ducers crystal which causes expansion and contraction. 
This produces vibrations and therefore sound waves. In 
addition to producing the sound beam, the transducer is 
also capable of receiving the reflected sound waves, referred 
to as echoes. Upon receipt, the crystal vibrates at the 
received echoes’ frequency and converts that frequency 
into electrical current which is processed and converted 
into the ultrasound image [2]. 

Array technology allows for electronic focusing to a 
variety of depths with multiple focal zones from the same 
transducer. These capabilities yield better image quality/ 
resolution/sharpness. Older transducers, in contrast, gener- 
ated the sound beam with 1 element, causing the beam to 
converge at a focal zone, proximal to which was termed the 
near field and distal to which was termed the far field, where 
the sound waves diverged. The depth of the focal zone was 
determined by the characteristics of this single element [2]. 


Linear Array 


Linear array transducers are composed of parallel scan lines 
which are perpendicular to the surface of the transducer. 
These utilize higher frequencies and provide high-resolution 
imaging of fascial planes that lay parallel to the skin surface. 
Linear arrays are most commonly used for imaging superfi- 
cial and small parts, musculoskeletal, as well as vascular 
imaging where there is a need for highly detailed images [3]. 


Curvilinear Array 


These transducers are composed of crystals aligned in a con- 
vex arrangement, and thus, the scan lines diverge as the 
sound beam travels deeper into the scanned tissue. They typi- 
cally utilize lower frequencies, allowing for deeper tissue 
penetration compared to linear high-frequency imaging. 
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Interpolation is often required to fill in the gaps in the image 
produced by the diverging sound waves. The advantage of 
the curved array is that it produces a larger field of view for 
deeper tissue structures. It is often used for abdominal and 
obstetric imaging [3]. 


Phased Array 


These specialized transducers are composed of many more, 
often approximately 100, elements. They produce pulsed 
beams for each scan line, and thus, the beam can be steered 
in a different fashion than, for example, the linear array. The 
transducer also has a rather narrow face, and the end result of 
its image formation is one with a large lateral view of deeper 
tissue [3]. A variety of modified transducer arrays are avail- 
able for specialized imaging tasks by taking advantage of 
different focus strategies for specific anatomic regions. For 
example, endorectal probes are utilized for transrectal pros- 
tate biopsy and endoesophageal probes are utilized for trans- 
esophageal echocardiography. 


Types of Transducer Probes 


e Endorectal 

e Endoesophageal 
e Endovaginal 

e Endourethral 

e Endovascular 


Image Resolution 
Lateral Resolution 


Lateral resolution refers to the minimum measurable separa- 
tion of objects that lay parallel to the face of the transducer. 
Objects appear separated if their separation is in fact greater 
than the width of the sound beam. Higher frequency trans- 
ducers produce a longer near field, which is the narrowest 
portion of the beam. The near field is the region at which 
lateral resolution is the greatest. Higher frequency transduc- 
ers produce a narrow beamwidth which decreases the amount 
of beam dispersion, which occurs in the far field. This allows 
for better lateral resolution [3]. 

Focusing the beam further enhances lateral resolution by 
further narrowing the beamwidth at a selected area of tissue. 
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Axial Resolution 


Axial resolution refers to the minimum measurable separa- 
tion of objects along the axis of the beam. The beam pulse 
length is the principal factor. A pulse length longer than 
twice the object separation will not generate resolvable 
echoes. Two basic techniques in which short pulses are gen- 
erated are through broad bandwidth pulses and high- 
frequency beams. Therefore, broad bandwidth and 
high-frequency transducers are capable of producing short 
pulses and thus higher resolution imaging [3]. 


Elevational Resolution 


Elevational resolution refers to slice thickness and is the same 
entity as lateral resolution but refers to the plane orthogonal 
to the image plane. The major contributing factor is beam- 
width in this plane. Electronic control of transducers allows 
for other features that optimize image resolution. In modern 
ultrasound machines, the majority of these are automated 
upon selection of specific imaging protocols. These have the 
potential to improve image quality through the focus and fil- 
ter of an echo upon its return to the transducer and help to 
enhance lateral resolution of the image by decreasing noise 
from the outer edges of the beam. Examples include: 


e Receive focus: Received echoes from single pulse are 
electronically focused to account for location in the beam. 

e Dynamic Aperture: Aperture or sensitive area of the trans- 
ducer is modified on reception to help eliminate side lobe 
or scattered signals from the edge of the beam. 

e Apodization: The sensitivity of individual transducer ele- 
ments in an array is varied to help define the beam on 
transmit or reception [3]. 


Transmit Power Control 


Modulation of transmit power affects the pulse amplitude 
from the transducer. Stronger, greater amplitude pulses pro- 
duce stronger returned echoes. This improves signal-to-noise 
ratio and increases the maximum depth of imaging. There is 
a potential risk of adverse bioeffects with prolonged expo- 
sure to high transmit power pulses in diagnostic ultrasonog- 
raphy; however, there are no reported confirmed cases. 
Nevertheless, “prudent and conservative” use of diagnostic 
sonography under the ALARA principle encourages the use 
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of the lowest possible transmit power to produce diagnostic 
quality images [1] 


Frequency Selection 


The ultrasound transducer has a broad frequency bandwidth 
which corresponds to the emitted pulse. The “nominal” fre- 
quency of a transducer is usually the center frequency of the 
bandwidth. As the frequency is increased, spatial resolution 
improves; however, the penetration of the beam decreases. 
Conversely, lower frequencies allow for greater penetration 
albeit with poorer spatial resolution. Thus, the selection of 
transducer frequency is dependent on the clinical situation 
and requires a balance between desired depth of penetration 
vs. spatial resolution [1]. 


Doppler 


Doppler ultrasound allows for clinical assessment of the 
presence or absence of flow within a vessel or tissue and can 
give information on blood flow direction, pulsatility, and 
velocity. Doppler ultrasound processes frequencies of return- 
ing echoes from the imaged tissue to compose an image, as 
opposed to grayscale sonography that utilizes the amplitude 
of the returning echoes. The foundation of Doppler ultra- 
sound is the so-called Doppler effect. This refers to the 
change in frequency of a sound wave that occurs due to the 
relative motion of either the source, the observer (trans- 
ducer), or the tissue medium. A commonly used example is 
the way in which the sound pitch of a moving train’s whistle 
changes as it passes an observer. Clinically, blood cells act as 
moving reflectors of the ultrasound beam, and thus, blood 
flowing toward the transducer reflects the beam at relatively 
higher frequency than blood flowing away [1, 6, 7]. 

The same transducers utilized for grayscale imaging are 
capable of Doppler imaging. Three major Doppler imaging 
techniques are utilized clinically: 


Pulsed Wave (Spectral) Doppler 


This is based on the velocity of a selected sample volume of 
blood flow and generates a waveform based upon directional- 
ity of flow: Flow toward the transducer is plotted above the 
baseline, and flow away from the transducer is plotted below. 
The velocity of the blood flow is demonstrated as the wave 
amplitude, and the characteristics of the waveform shape 


allow clinical inferences to be made about the type of flow. 
Spectral Doppler allows for analysis of multiple different ves- 
sels at different depths and provides a high range of resolution 
and specificity due to the sampling component [1, 5, 7]. 


Color Doppler 


This is a 2D depiction of blood flow which is superimposed 
on a grayscale image of tissue. Relative direction of flow is 
depicted and based upon the average velocity of the blood. 
By convention, red typically is used for blood flowing 
toward the transducer and blue used for blood flowing away, 
although these settings can be easily switched. Color 
Doppler allows for characterization of the quality of the 
blood flow, for example, turbulent vs laminar flow. The 
intensity of the color display also varies as a depiction of the 
flow intensity, i.e., lighter shades depicting higher frequency 
shifts. Objects that are stationary are depicted in grayscale 
only. Color Doppler therefore yields important clinical 
information about the overall flow to the imaged region and 
can help one choose where to place a spectral Doppler sam- 
pling window. Advantages of color Doppler are that it is a 
relatively easy technique for confirming presence or absence 
of flow and visualizing small vessels, such as in the testes. 
Limitations include lower spatial resolution vs grayscale 
imaging as well as its relative insensitivity to slow flow or 
flow in small-caliber vessels for which spectral Doppler is 
superior [1, 5, 7]. 


Power Doppler 


Power Doppler provides a display of the strength of the 
Doppler signal in contrast to the average shift of frequency. 
The color and shade displayed on the image are dependent 
upon the volume of the flowing blood. The primary advan- 
tage of power Doppler is a high sensitivity for detecting 
flowing blood. It is especially useful for detection of slow 
flow or blood within very small vessels. Power Doppler is 
not susceptible to aliasing, in contrast to spectral and color 
Doppler. Unlike color and spectral Doppler, there is no reli- 
ance upon the Doppler angle and thus images of vessels in 
the perpendicular plane are possible to obtain. The disadvan- 
tages are that power Doppler does not provide any informa- 
tion about the directionality or velocity of blood flow. Power 
Doppler is vulnerable to motion, either of the transducer or 
of the tissue which manifests as an intense flash of color on 
the monitor, termed flash artifact [1, 5, 7]. 
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Contrast-Enhanced Ultrasound (CEUS) 


Contrast-enhanced ultrasound (CEUS) using microbubble 
agents has gained popularity in recent years and has found 
application in many organ systems. In the GU tract, CEUS 
has been shown to be effective in helping to characterize 
solid and complex cystic renal masses and also useful in 
other renal diseases, such as infarction, pyelonephritis, 
trauma, and transplant evaluation [8]. 

Contrast-enhanced ultrasound images are produced by 
injection of a prescribed quantity of a microbubble agent. 
The microbubbles are composed of an inert gas, often a per- 
fluoro molecule, surrounded by a phospholipid shell. Their 
visibility on ultrasound is due to reflection of sound waves 
and resultant marked increase in echogenicity and requires 
contrast-specific software for detection. The microbubble 
agents are suspended in saline, and the mixture administered 
intravenously, followed by continuous real-time scanning, 
with a scanning window of approximately 2—4 minutes, 
beginning immediately after injection. CEUS studies are 
generally performed at a low mechanical index (MI) in order 
to minimize microbubble destruction from acoustic cavita- 
tion [8, 9]. 

Microbubble contrast agents are generally well tolerated 
and have an excellent safety profile. In 2004, a warning was 
issued by the European Medicines Agency after the deaths 
of several patients undergoing contrast-enhanced echocar- 
diography with microbubbles. In 2007, the Food and Drug 
Administration (FDA) issued contraindications for 2 micro- 
bubble agents (Definity, Optison) in patients with severe car- 
diopulmonary disease, and mandated electrocardiographic 
(EKG) monitoring of the patient for 30 minutes after con- 
trast administration. This contraindication was downgraded 
to a warning in 2008, and in 2011, the requirement for EKG 
monitoring was lifted. Multiple studies since then have not 
shown any increased risk from using microbubble agents [8]. 

Three ultrasound contrast agents are currently FDA- 
approved Lumason (Bracco, Milan, Italy), Definity 
(Lantheus, No Billerica, MA), and Optison (GE Healthcare, 
Oslo, Norway) [10]. The use of Lumason for the evaluation 
of vesicoureteral reflux has recently been approved in the 
USA; however, CEUS of the kidneys remains an off-label 
use, although some centers have been performing these stud- 
ies for over a decade [9, 11]. 

Microbubbles are poorly soluble in the bloodstream. The 
stabilizing shell is eventually metabolized by the liver, while 
the gas itself is excreted by the lungs. The bubbles are not 
nephrotoxic and can be used in patients with renal dysfunc- 
tion, in whom CT contrast agents may pose a risk of contrast 
nephropathy. Microbubbles have less severe side effects than 
iodinated and gadolinium-based contrast agents and a very 
low rate of anaphylactic reaction. The bubbles approximate 
the size of a red blood cell and can pass through capillar- 
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ies, but not into the interstitial space, and are thus a purely 
intravascular contrast agent. One advantage of this property 
is lack of excretion into the renal collecting system, which 
could potentially obscure visualization of the parenchyma. 
Microbubbles are visible in vessels as small as 50 microm- 
eters, which allow for assessment of the renal microcircula- 
tion and macrocirculation, and offer a marked improvement 
in spatial resolution compared with Doppler ultrasound [8]. 
They can be used to assess for vascular defects or insuffi- 
ciency, as well as to demonstrate vascularity or lack thereof 
in a complex renal mass. 

Upon contrast injection, there will be a marked diffuse 
increase in renal parenchymal echogenicity in the normal 
kidney. Renal imaging is divided into a cortical phase (15-30 
seconds after contrast injection) in which there is exclusive 
enhancement of the cortex, and a parenchymal phase (25 
seconds—4 minutes), in which there is enhancement of both 
the cortex and medulla (Fig. 2.3) [12]. 


Ultrasound Applications 
for the Genitourinary System 


Normal Renal Anatomy 


The normal ultrasound appearance of the kidneys is one of 
paired retroperitoneal structures. Each kidney is enclosed by 
a dense capsule, which itself is then surrounded by perineph- 
ric fat enclosed in Gerota’s fascia. Sonographically, the kid- 
ney is conventionally imaged in the transverse and sagittal 
planes. Normal renal parenchyma in the longitudinal image 
is homogeneous with the normal cortex appearing more 
hyperechoic relative to the medulla. The medullary pyramids 
are thus hypoechoic in appearance relative to the cortex. 
They abut the renal sinus fat, which appears relatively hyper- 
echoic. The center of the longitudinally displayed kidney is a 
complex of rather dense-appearing structures which include 
the peripelvic fat, renal vessels, lymphatic vessels, and nor- 
mal collecting system. The normal vascular pedicle and the 
small intrarenal vasculature and renal perfusion are often 
well visualized and interrogated with use of Doppler imag- 
ing to demonstrate the quality and quantity of flow [2, 13]. 


Renal Masses 


Simple cysts (see Fig. 2.1) are the most common benign 
adult renal mass, and ultrasound has proven to be an effective 
tool in evaluating renal cysts, allowing for differentiation 
from other cystic and solid renal masses. Simple cysts are 
commonly round, demonstrate a clearly defined thin wall, 
and lack internal echoes. The later of these produces a char- 
acteristic feature known as posterior acoustic enhancement. 
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Fig. 2.3 Phases of enhancement on contrast-enhanced ultrasound. 
Images of the kidney during the early (a, corticomedullary) and late (b, 
parenchymal) phases show predominantly cortical enhancement in the 


The presence of internal septations, nodular components, 
internal echoes, and calcifications are more worrisome fea- 
tures. Complex or septated cystic renal masses and solid 
masses raise suspicion of neoplasm (vs abscess or hema- 
toma) [2, 14, 15]. 

Sonographic characteristics of solid lesions include delin- 
eation of the posterior wall, lack of through transmission, and 
internal echoes. In the past, color flow and Doppler imaging 
were utilized to help differentiate different types of solid 
renal neoplasms. The characterization of solid renal masses 
with grayscale ultrasound is more limited compared to cystic 
lesions, and more advanced imaging modalities such as CT 
and MR are often necessary for further evaluation [2]. 

Angiomyolipoma (Fig. 2.4) is a benign, fat-containing 
renal mass that has a characteristic sonographic appearance. 
Lipid-rich lesions will demonstrate a characteristic homoge- 
neous hyperechoic appearance and allow for a presumptive 
diagnosis, although infrequently this appearance can over- 
lap with renal cell carcinoma. Therefore, additional imaging 
with CT is necessary to confirm the presence of macroscopic 
fat [14, 15]. 

Contrast-enhanced ultrasound (CEUS) with microbub- 
bles has shown excellent performance in characterizing renal 
masses and offers a marked increase in sensitivity over con- 
ventional grayscale and color Doppler imaging. 

Real-time imaging after microbubble injection will dem- 
onstrate potentially suspicious areas of normal renal paren- 
chyma, such as a column of Bertin or pseudotumor due to 


early phase followed by diffuse and homogeneous enhancement of both 
the cortex and medulla in the later phase 


fetal lobulation or adjacent parenchymal scar, as having 
enhancement identical to normal kidney tissue on all phases 
[8, 12]. Simple cysts will remain completely anechoic, as 
they would on conventional grayscale imaging. Diffuse con- 
trast enhancement will be seen in a solid mass (Fig. 2.5), 
manifested by an increase in echogenicity, more often het- 
erogeneous than homogeneous. Washout of contrast is often 
seen in later phases of the examination. Peritumoral pseudo- 
capsule has been found to be a characteristic finding of renal 
cell carcinoma. CEUS may be especially helpful in confirm- 
ing either enhancement or lack thereof in the scenario of a 
hypovascular renal mass with enhancement in the 15-20 HU 
range [16]. Such lesions may be difficult to characterize cor- 
rectly with CT scan. Barr et al in an analysis of 596 indeter- 
minate renal masses on CEUS found a 100% sensitivity and 
96.1% specificity [17]. 

CEUS is more sensitive for flow in septations and nod- 
ules of complex cysts than contrast-enhanced CT (CECT) 
(Fig. 2.6). The ability to diagnose malignant complex cysts 
with CEUS has been shown to be superior to CECT, with the 
potential for Bosniak classification upstaging on CEUS [18]. 
The high sensitivity for detection of flow in complex cysts 
can potentially reduce specificity; therefore, results of CEUS 
should be interpreted in conjunction with CECT or MRI. 

CEUS has also shown potential in distinguishing angio- 
myolipomas (AMLs) from renal cell carcinoma, with the 
former having more homogeneous enhancement and slower 
washout of contrast; however, there is overlap in both quali- 
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F + Renal angiomyolipoma. Sagittal grayscale sonographic image 
of the right kidney (a) demonstrates a rounded, hyperechoic, and non- 
shadowing solid mass at the upper pole of the kidney (arrow), consis- 
tent with angiomyolipoma. Accompanying noncontrast axial T1 


tative and quantitative features [12, 19]. MRI and CT can 
reliably differentiate the great majority of AMLs. 

Ultrasound can offer useful evaluation of mass lesions 
of the renal collecting system. Commonly, calcified calculi 
(see Fig. 2.2) demonstrate the classic appearance of an echo- 
genic focus with posterior acoustic shadowing. Even poorly 
or noncalcified calculi tend to demonstrate a hyperechoic 
echotexture and often shadow as well. Other lesions such as 
hematoma or neoplasm are often distinguishable from cal- 
culi, but their definitive diagnosis is better obtained via uro- 
logic procedures or additional imaging [2]. 

Overall, sonography is limited in its ability to stage the 
extent of malignant disease, which is better accomplished 
with CT and/or MRI. 


Renal Failure 


Ultrasound is commonly employed in the evaluation of renal 
failure as obstructive uropathy is an easily identifiable cause. 
Hydronephrosis (Fig. 2.7) is the hallmark of renal failure due 
to obstruction and is characterized by the loss of the nor- 
mally echogenic renal sinus which is replaced by a dilated 
hypoechoic collecting system. The level of dilatation of the 
calyces, infundibula, renal pelvis, and proximal ureter as 
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in-phase (b) and T1 fat-saturated images (c) demonstrates the same 
mass to have high signal on the Tl-weighted image (b) and diffuse 
signal loss (c) on the fat-suppressed image, confirming the diagnosis 


well as degree of parenchymal thinning can aid in inferring 
the degree and chronicity of the obstruction. Differential 
diagnostic considerations include parapelvic cysts, megaca- 
lyces, calyceal diverticula, and extrarenal  pelvises. 
Postintervention, ultrasound serves as an inexpensive and 
rapidly performed imaging study to assess for residual col- 
lecting system dilatation [2, 13]. 


Renal Transplant 


The pelvic and superficial location of the transplanted kidney 
allows for it to be interrogated well by sonography. 
Postoperative perinephric collections, such as lymphoceles, 
urinomas, and hematomas, are usually identifiable. With 
decreased urine output, changes in renal volume and perfu- 
sion can be evaluated with sonography and allow for distin- 
guishing obstruction from other transplant-related pathology 
[2, 20]. 

Assessment of renal function is best accomplished with 
radionuclide imaging as the grayscale ultrasound appearance 
in renal failure is rather nonspecific. Such findings include 
renal enlargement, increased cortical thickness, increased/ 
decreased cortical echogenicity and loss of corticomedul- 
lary differentiation, prominent pyramids, thickness of the 
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Fig. 2.5 Solid renal mass. Grayscale and contrast-enhanced ultrasound increase in brightness on contrast-enhanced images (arrows) due to 
images before (a) and immediately following (b) intravenous injection microbubble uptake, compatible with a solid enhancing mass 
of Lumason. There is a hypoechoic renal lesion which shows marked 
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Fig. 2.6. Complex renal cyst. Grayscale and contrast-enhanced ultra- 
sound images after intravenous injection of Lumason. There is a com- 
plex cystic lesion in the lower pole of the left kidney with enhancing 
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septal (long arrow) and nodular (short arrow) components. Note the 
marked improvement in visualization of the components of the cyst 
compared with the conventional grayscale image 


Fig. 2.7 Hydronephrosis. Sagittal (a) and transverse (b) sonographic images of the right kidney. The renal collecting system is symmetrically 
dilated, including dilatation of the renal calyces and central collecting system 


collecting system, and central sinus effacement. Ultrasound 
does, however, serve as an important tool in evaluating vas- 
cular complications of transplantation. Although conven- 
tional angiography remains the gold standard for diagnosis 
of vascular complications, spectral Doppler ultrasound and 
color Doppler ultrasound provide an excellent and nonin- 
vasive assessment of affected vessels. Pathologies typically 
encountered include renal arterial or venous occlusion or 
stenosis, as well as pseudoaneurysms and arteriovenous fis- 
tulae [20]. 


Renal artery stenosis (Fig. 2.8) is the most common vas- 
cular complication of transplantation, reported in up to 10% 
of patients. Color Doppler interrogation of a stenotic seg- 
ment will demonstrate areas of focal aliasing. These regions 
can then be selected for spectral Doppler evaluation to quan- 
tify the degree of stenosis, which can then be evaluated with 
duplex Doppler techniques to characterize and grade the 
abnormality. Spectral Doppler criteria for significant steno- 
ses include: (a) velocities of greater than 2 m/sec or focal 
frequency shift of greater than 7.5 KHz (when a 3-MHz 
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Renal artery stenosis. Spectral Doppler sonographic images 
of the right renal artery, (a) at the level of a high-grade stenosis in the 
distal renal artery and (b) at the level of the segmental arteries, distal to 
the stenosis. (c) Spectral Doppler image from another patient with a 
normal low-resistance waveform. (a, b) Abnormally high velocity is 
demonstrated at the level of the renal artery stenosis, while the arterial 
waveforms distal to the stenosis (b) show an abnormally delayed sys- 


transducer is used), (b) a velocity gradient between stenotic 
and prestenotic segments of more than 2:1, and (c) marked 
distal turbulence (spectral broadening). The presence of the 
classically described “tardus parvus” (“late, small” small in 
Latin) waveforms may further support the diagnosis; how- 
ever, they are not always present. If there is no significant 
flow abnormality demonstrated, renal arterial stenosis can be 
excluded [15, 20, 21]. 


Urinary Bladder 


The normal sonographic appearance of the urinary bladder is 
a globular, hypoechoic structure whose shape is variable, 
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tolic upstroke with low amplitude (“tardus parvus”) with corresponding 
low velocity. Normal renal arterial waveform. (d) A normal low- 
resistance waveform and velocity are demonstrated in the left renal 
artery from another patient. Note the rapid systolic upstroke, with 
peak<150 cm/sec and continuous low-resistance flow throughout 
diastole 


depending on the level of distension and the patient’s posi- 
tion at the time of examination. The wall appears hyper- 
echoic, smooth, and diffusely symmetric in thickness. When 
the normal bladder is distended, the lumen should be 
anechoic [2]. 

Bladder tumors can sometimes be visualized sonographi- 
cally. Polypoid lesions (Fig. 2.9) appear as intraluminal soft 
tissue projections which are fixed to the bladder wall and 
are nonmobile with patient change in position, in contrast to 
mass-like lesions such as hematoma or calculi. Tumors are 
solid lesions in contrast to ureteroceles which, although they 
are also fixed to the bladder wall, have a distinct sonographic 
appearance with a thin echogenic wall and anechoic (cyst- 
like) center. Calculi within the bladder behave sonographi- 
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Fig. 2.9 Urinary bladder neoplasm. Transverse grayscale (a) and color 
Doppler (b) sonographic images of the urinary bladder demonstrate a 
solid, exophytic mass within the urinary bladder lumen without any 


cally as in other areas of the GU tract with hyperechoic 
echotexture and posterior acoustic shadowing. Calculi will 
move as the patient changes position unless lodged at the 
ureterovesical junction [2]. 


Prostate 


The normal sonographic appearance of the prostate is a sym- 
metric triangular ellipsoid gland circumscribed by a fibrous 
capsule. The capsule itself appears as a continuous thin and 
hyperechoic layer of tissue. Internally, the prostate demon- 
strates multiple fine diffuse homogeneous echoes which 
likely result from the interfaces of the myriad of small glands 
within. The posterior peripheral zone can typically be dif- 
ferentiated from the more anterior peripheral zone, the cen- 
tral and transition zones, and the fibromuscular stroma [2]. 

Transrectal ultrasound has been shown to be useful in 
evaluating benign and malignant prostatic disease and plays 
a valuable role in biopsy and assessment of treatment of 
patients with prostate carcinoma (Fig. 2.10). Note, however, 
that transrectal ultrasound is useful only to localize the pros- 
tate and not for identification of lesions [2, 21—24]. 

Commonly used transrectal transducers used for prostate 
imaging range in frequency from 6.0 to 7.5 MHz. The higher 
frequency allows for detailed images; however, penetration 
of the beam is limited, and thus, the anterior prostate is often 
incompletely visualized. Most transducers are biplanar and 
provide images in the transverse and sagittal planes. The 
transverse plane allows for better visualization of the lateral 
margins, while the sagittal plane provides better images of 
the gland’s apex and base [2, 21, 23, 24]. 


posterior acoustic shadowing and (b) with internal vascular color 
Doppler signal, indicative of a solid, vascularized lesion, rather than 
blood clot, adherent debris, or nonshadowing calculus 


Currently, sonographic diagnostic evaluation of the pros- 
tate has a limited role in comparison to MRI (Fig. 2.10a,b). 
The anterior prostate is often insufficiently visualized, and 
thus, lesions in this region can go undetected. Additionally, 
many benign lesions and normal structures have similar 
sonographic appearances to small malignant lesions. Some 
carcinomas, in fact, are completely isoechoic, and therefore, 
the utility for diagnostic prostatic ultrasound is quite limited. 
It is becoming increasingly evident that supplementing the 
workup of prostate cancer with prostate MRI when used in 
conjunction with transrectal ultrasound-guided biopsy will 
result in much higher yield for tissue diagnosis of malig- 
nancy [2, 21-24]. 


Penis 


Sonographic evaluation of the penis is ideally conducted 
with a high-frequency linear transducer. This provides good 
visualization of the two corpora cavernosa, which are dem- 
onstrated as symmetric structures of homogenous mixed 
echogenicity which is due to the many interfaces of the vas- 
cular sinusoids. In contrast to the two corpora cavernosa, the 
corpus spongiosum normally appears mildly hypoechoic in 
comparison. The fibrous tunica albuginea appears as a hyper- 
echoic line forming the intercavernous septum and provides 
a region of posterior acoustic shadowing between the cor- 
pora. Color and spectral Doppler sonography can evaluate 
penile vessel patency and characterize blood flow [2, 25]. 
Most applications of penile sonography occur in the 
acute setting. Acute conditions of the penis lend themselves 
to evaluation with ultrasound due to its wide availability and 
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Fig. 2.10 Prostate carcinoma. (a) Axial T2 and (b) diffusion-weighted images of a right central prostate gland carcinoma. (c) Transverse transrec- 
tal sonographic image of the prostate obtained during transrectal fusion biopsy demonstrates the lesion as a heterogeneous hypoechoic mass 


the real-time assessment it provides. Penile fracture results 
from tearing of the tunica albuginea leading to rupture of 
the corpora. Ultrasound is capable of demonstrating tears 
and the extent of the associated injury. The tear is visual- 
ized as a segmental discontinuity of the tunica albuginea, 
and associated hematoma may be visualized deep to the 
Buck fascia or subcutaneously. A secondary sign suggest- 
ing associated urethral injury is the presence of echogenic 
air in the cavernosa. The evaluation of the urethra with 
ultrasound is, however, limited, and when there is clinical 
concern of urethral injury, retrograde urethrography is indi- 
cated [2, 25]. 


Mondor disease of the penis, thrombophlebitis or throm- 
bosis occurs in the dorsal vein. Color Doppler evaluation 
serves in diagnosis and in monitoring patients. Similar to 
other locations where this disease occurs, the sonographic 
findings include a lack of blood flow and noncompressibility 
of the dorsal vein, characteristic of thrombosis [2, 25]. While 
clinical evaluation and physical examination often suffice to 
diagnose priapism, findings on color and spectral ultrasound 
can help confirm the diagnosis and determine whether the 
priapism is high flow (nonemergent) or low flow, which can 
lead to penile ischemia and is a true urologic emergency, 
requiring immediate treatment [25]. 
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Scrotal Ultrasound 


The scrotum and its contents are superficial structures and 
thus well visualized with sonography. Scrotal pain and 
swelling prompt evaluation, and sonography allows for dif- 
ferentiation between tumors, orchitis/epididymitis, torsion 
of the spermatic cord, and traumatic lesions such as frac- 
ture. Testicular and paratesticular malignant tumors are typi- 
cally hypoechoic in appearance and identification of such 
a mass demands surgical intervention in most scenarios. 
Nonseminomatous tumors can demonstrate increased vascu- 
lar flow on Doppler imaging, while seminomas characteristi- 
cally demonstrate homogeneous echotexture in contrast to 
embryonal tumors. Epididymitis is typically characterized 
by an enlarged and hypoechoic epididymis due to edema 
with hypervascularity on color Doppler imaging. Often 
times, there is a reactive hydrocele accompanying the lesion. 
Epididymo-orchitis can have similar findings, as well as an 
enlarged and hypervascular testis [2, 26]. 

Clinically, distinguishing between testicular torsion 
(Fig. 2.11) and epididymo-orchitis can be difficult and 
ultrasound has been found to be quite useful. In early tor- 
sion (approximately 1—3hrs), echogenicity of the testes 
appear normal. As time goes on, there is enlargement of the 
torsed testis, and it will appear increasingly heterogeneous 
in echotexture. Evaluating the spermatic cord in suspected 
torsion is critical as a torsed cord can be visualized in the 
external inguinal orifice and finalizes the diagnosis. The 
intrascrotal portion of the torsed and edematous cord can 
appear as a rounded echogenic extratesticular mass. The ori- 
entation of the cord, testis, and epididymis can be inverted. 
The diagnosis is further strengthened with the evaluation of 
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testicular blood flow, with the affected side demonstrating 
abnormal or absent flow compared to the normal testis. In 
this case, some arterial flow is preserved in the affected tes- 
tis, and thus, careful comparison to the normal side is essen- 
tial. Comparative imaging with transverse views and pulsed 
Doppler imaging can yield important information regarding 
decreased or reversed diastolic blood flow to the affected tes- 
tis when compared to the normal side [26]. 

Traumatic injury to the scrotum lends itself to sono- 
graphic evaluation as the pain and swelling often limit 
physical examination. Findings include  extratesticular 
hematoma to testicular rupture, the latter of which should 
be suspected in the case of poorly defined testicular margins 
and/or disruption of capsular blood flow. The echotexture 
of extratesticular/scrotal hematoma evolves over time with 
a more echogenic acute appearance transitioning to a more 
hypoechoic appearance in the subacute and later stages [26]. 


Varicocele 


A varicocele (Fig. 2.12) will appear as a series of tortuous 
anechoic tubular structures either around, above, or below 
the testis. There is some variation in the caliber of the vessels 
used by different authors, ranging typically from 2 to 3 mm. 
When utilizing color Doppler sonography at rest, blood flow 
within a suspected varicocele may be too slow for detection. 
With utilization of the Valsalva maneuver, the varicocele will 
enlarge and demonstrate reversal of flow. Color Doppler 
sonography is the accepted gold-standard technique for vari- 
cocele assessment as it provides accurate diagnosis and can 
also be used to stage lesions [27]. 


Fig. 2.11 Testicular torsion. Grayscale and color Doppler images of 
the testes and grayscale image of the spermatic cord in a young man 
presenting with acute right scrotal pain. (a) Color Doppler side-by-side 
transverse image demonstrates absence of vascular flow to the left tes- 


ticle compared the normal right testicle as manifested by lack of color 
signal. (b) Transverse image demonstrating twisting of the spermatic 
cord 
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Fig. 2.12 Varicocele. Grayscale (a) and color Doppler (b) sonographic 
images of the left testicle and an adjacent hydrocele. An extratesticular 
plexus of tortuous vessels is demonstrated with dilatation of the indi- 


Computed Tomography(CT): Physical 
Principles and Genitourinary Applications 


Physical Principles 


The first CT scanner was developed by Sir Godfrey 
Hounsfield in Middlesex, Great Britain. In 1973, CT scan- 
ners were first used clinically. Hounsfield and Allan Cormak 
were awarded the Nobel Prize in Medicine in 1979 for the 
development of CT technology [1, 28]. In the following 
decades, with constant advances in technology and computa- 
tional power, cross-sectional imaging has revolutionized the 
practice of medicine, due to its capability to evaluate disease 
processes throughout the body in a noninvasive manner. 

There are many urologic applications of CT, including, but 
not limited to, detection and characterization of renal stone 
disease, obstructive uropathy, benign and malignant tumors 
of the adrenals, kidneys, and upper and lower urinary tracts, 
traumatic injury, infection and its complications, and assess- 
ment of renal artery disease. Technological advances over 
the years have greatly increased the capabilities of CT and 
have resulted in markedly greater speed of acquisition, ana- 
tomic coverage, and the ability to obtain dynamic contrast- 
enhanced images, all of which have worked to increase its 
diagnostic accuracy and image quality. This has also led to 
the development of newer applications, such as dual-energy 
CT, CT angiography, and CT urography. A drawback to the 
use of CT is its use of ionizing radiation, which results in a 
relatively large radiation dose. In recent years, however, dose 
reduction techniques have been implemented on a wide- 
scale basis, which have the potential to significantly reduce 
the dose from routine CT imaging. 

A fundamental limiting factor of plain film radiography is 
that a 3-dimensional object is reduced to a two-dimensional 
image, with the potential for multiple structures of varying 
radiodensity to be superimposed on one another, with the 
potential for the anatomy of interest to be obscured. Two dis- 


vidual vessels upon Valsalva maneuver (note the calipers). Incidentally 
noted testicular microlithiasis can also be seen 


tinct and extremely important advantages of CT over plain 
film radiography are (1) acquisition of a cross-sectional 
image with removal of any superimposed structures and 
(2) almost complete elimination of radiation scatter, which 
results in much greater sensitivity to differences in x-ray 
attenuation, thereby allowing excellent contrast between soft 
tissue structures. A CT examination is made up of multiple 
images, each one containing visual information from narrow 
anatomic sections through the imaged section of the body. 
The penetrating x-ray beam is collimated (shaped) into a 
very precise width [1, 28]. 

CT scanners are made up of two major components: the 
scanning component and computer components. The gantry 
consists of the scanning components, which surround the 
central aperture through which the patient is scanned. The 
computer components are located in the CT scanner control 
room. The scanning component includes the generator or 
power source, x-ray tube, collimators, detectors, data acqui- 
sition system computer components, image reconstruction, 
and scanner console. 

Each detector, along with the focal spot of the x-ray tube, 
defines a ray. The detector measures the intensity of the 
x-rays within its ray. The intensity of the beam within each 
ray depends on the amount that x-rays are attenuated in the 
tissue through which it passes. Attenuation is a measurement 
of the fraction of radiation removed in passing through tis- 
sue. The attenuation of each box-like element, or voxel, in the 
plane being scanned is measured by using many different rays 
acquired from many different angles over the course of the 
scan. The linear attenuation coefficient of a material indicates 
how strongly it absorbs or scatters (attenuates) x-ray photons. 
The linear attenuation coefficient depends on three proper- 
ties- atomic number, physical density, and photon energy. The 
creation of a CT image is reliant upon the different attenuation 
characteristics of various tissues in the body [1, 28]. 

Once image detectors have assembled the data from each 
ray, images are reconstructed via analytical and iterative 
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methods. The most commonly used reconstruction method 
is called filtered backprojection, which has been used in the 
earliest CT scanners, and is still used today. Filtered back- 
projection essentially determines the average density of each 
pixel by collecting sets of rays called projections, which are 
made across the patient in a particular direction in a section 
plane. Multiple projections are needed to determine average 
attenuation at each point, using rotational intervals of less 
than 1° [1, 28]. 

CT images are composed from grayscale values, with 
each element of the image (pixel) assigned a grayscale 
value dependent upon its average attenuation. Denser mate- 
rials will cause greater attenuation of photons and will be 
brighter (whiter) on the CT image, while images that are less 
dense will be darker (blacker). Density measurements are 
standardized using the Hounsfield scale, in which water has 
a Hounsfield unit of zero, with other tissues ranging from 
—1,000 (air) to +2,000 (bone). Any voxel that has attenu- 
ation greater than water will have a positive HU value and 
voxels which have attenuation less than water will have a 
negative HU. An attenuation value of specific tissue can be 
easily obtained by placing a cursor over the region of interest 
(ROD at the workstation for which the computer can average 
the attenuation of the voxels within the cursor. Attenuation 
values play great importance in tissue characterization and 
diagnosis and must be precisely calibrated on a regular basis 
[1, 28]. 

Detector arrays in multislice scanners are two- 
dimensional. The number of detectors in the z-direction, 
(in the head-to-toe direction of the patient]. determines the 
maximum number of slices which can be simultaneously 
acquired. In a single-slice scanner, the slice width is deter- 
mined by the width of the collimator. In multislice scanners, 
the slice width is determined by the width of the individual 
detectors. For instance, in a system with 64 detectors which 
are 0.625 mm in width, the slice thickness is 0.625 mm [28]. 
In actual practice, thicker slices are usually reconstructed 
for routine interpretation; however, ultrathin sections are 
stored at the CT workstation and are available for review, if 
necessary. 

Many imaging acquisition parameters determine image 
quality and patient dose. Two important acquisition param- 
eters that affect radiation dose and image quality are peak 
tube voltage (kVp) and effective mAs. The effective mAs is 
the tube current (milliamperes) multiplied by the length of 
time that a given point in the patient is in the beam (seconds). 
The energy of the most energetic x-ray photon in the beam is 
always equal to the kVp. Pitch is another important acquisi- 
tion parameter—this refers to the table movement per tube 
revolution divided by the beamwidth. Adjustments in pitch 
affect scan time, z-axis resolution, and radiation dose [1, 28]. 

Prior to the introduction of helical CT technology, scan- 
ners are operated in axial or incremental mode. In axial CT 
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scanners, the CT table is stationary during image acquisition, 
with the tube and detectors making one complete rotation. 
The x-ray beam is then turned off, and the table is reposi- 
tioned [1, 28]. 

The design of the modern CT scanner has been modi- 
fied so that there are no hardwired connections between the 
generator and x-ray source and between the detector array 
and computer. This is achieved by slip ring technology. Slip 
ring technology, as well as advances in x-ray tube design 
and computer speed, made the development of helical scan- 
ning possible. Helical CT allows for uninterrupted motion 
of the x-ray source and the detector array, which rotate in a 
complete 360-degree arc around the patient. Simultaneously, 
the CT table (and patient) is moving in a continuous man- 
ner and at a predetermined speed [1, 28]. The result of these 
two different movements is that the beam takes a helical path 
through the patient. Helical scanners are capable of much 
faster scanning times and thinner slice acquisition than incre- 
mental CT scanners [28]. This improved temporal resolution 
has enabled dynamic studies after administration of a bolus 
of intravenous iodinated contrast, whereby the entire abdo- 
men and pelvis can be scanned on the order of seconds, and 
images can be obtained in various phases of interest for a 
particular indication. For example, a typical examination for 
the evaluation of a renal mass would include arterial, nephro- 
graphic phases and sometimes excretory (pyelographic) 
phases as well as an unenhanced acquisition. 


Dual-Energy CT 


Dual-energy CT (DECT) scanners are built with two x-ray 
source/detector arrays. The tube voltage (kVp) settings for 
the two sources differ, resulting in two separate attenuation 
maps for the same object, one at a high energy level and one 
at a low energy level. As mentioned above, the linear attenu- 
ation coefficient of a specific material is dependent upon 
three properties—atomic number, density, and photon 
energy. DECT uses information obtained from both the high 
and low energy arrays to assess the rate of change in the lin- 
ear attenuation coefficient of the structure being analyzed. 
As various elements and compounds commonly found in the 
human body have unique linear attenuation curves over a 
spectrum of energy, DECT is capable of providing informa- 
tion regarding specific chemical composition [29]. 

There are several ways in which the data obtained from 
DECT can be exploited to provide useful clinical and diag- 
nostic information. Material specific images can be formed 
by targeting a specific material’s linear attenuation curves 
and removing it from the image. Common base materials 
targeted by DECT include water, iodine, and calcium. As 
enhancement on CT is produced from the effects of iodin- 
ated contrast medium, subtracting iodine results in a "vir- 
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tual" noncontrast image, so that a single dual-energy scan 
could potentially replace two single energy scans (pre- and 
postcontrast) [29]. This could have application in the evalua- 
tion of renal masses (Figs. and ), calculous disease, 
adrenal nodules (Fig. ), and any other scenario where 


noncontrast images are necessary for lesion characteriza- 
tion or visualization, but only intravenous contrast-enhanced 


images were obtained at the time of examination. An addi- 
tional benefit of virtual noncontrast images would be radia- 
tion dose reduction, due to the elimination of a separate 
unenhanced acquisition. 

Conversely, iodine specific data sets (iodine maps) can be 
obtained. These are composed exclusively from the contri- 
bution of iodine to the image and may also be efficacious 


Fig. 2.13 Dual-energy CT diagnosis of hemorrhagic cyst. (a) Axial contrast-enhanced mixed CT image demonstrates an indeterminate right renal 
lesion with HU of 60. (b) Iodine map demonstrates complete absence of iodine content within the ROI of the lesion 


Fig. 2.14 Dual-energy CT diagnosis of enhancing renal mass. (a) Axial contrast-enhanced mixed CT image demonstrates an indeterminate right 
renal lesion with HU of 129. (b) Iodine map demonstrates positive internal iodine content within the ROI of the lesion (3.2 mg/ml) 
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Fig. 2.15 Dual-energy CT diagnosis of adrenal adenoma. (a) Axial 
contrast-enhanced mixed CT image demonstrates an indeterminate left 
adrenal lesion with HU of 27. (b) Output from dual-energy ROI within 


in renal mass characterization and other scenarios [30]. By 
enabling better visualization of iodine signal, enhancement 
within a mass may be more easily diagnosed on iodine spe- 
cific images. Studies have so far shown promising results 
for the use of virtual noncontrast and iodine specific images 
in differentiating cystic from solid renal masses [30-32]. 
However, they will require further study and validation. 
Future advances and refinements in dual-energy technology 
may even surpass the diagnostic capabilities of conventional, 
single-source CT. 

Virtual noncontrast images have also shown promise in 
characterizing adrenal nodules [33, 34]. This is an exciting 
development given the high frequency of adrenal nodules 
found on contrast-enhanced CT scans, in which there is often 
the need repeat CT examination with unenhanced images to 
better characterize. 

Another active area of investigation of DECT is in renal 
stone characterization. DECT makes use of the distinctive 
absorption patterns of various stone components at both high 
and low energy levels to identify specific chemical com- 
position [30]. This can expedite the workup of renal stone 
disease, which can often involve lengthy laboratory and 
imaging investigations. The knowledge of stone composi- 
tion can help improve treatment, as management of different 
stone types differs. DECT has shown to be reliable in differ- 
entiating uric acid stones from nonuric acid stones [30]. and 
shows promise in the differentiation of other calculi (cystine, 
struvite, calcium oxalate monohydrate/calcium oxalate dihy- 
drate/brushite, and hydroxyapatite/carbonate apatite calculi) 
[35, 36]. 


lodine Density:0.8 mg/ml /7.6 


the lesion demonstrates virtual noncontrast (VNC) attenuation of 8.9 
HU, diagnostic of an adenoma 


Applications of CT in the Urinary Tract 
Kidneys 


There are numerous indications for the use of CT in the eval- 
uation of renal pathology. Some of the more common rea- 
sons include renal mass characterization, renal cancer 
staging, stone disease, trauma, inflammatory/infectious pro- 
cesses, obstructive uropathy, vascular disease, congenital 
urinary tract anomalies, and postoperative evaluation. 

CT is a highly accurate modality for renal mass evalua- 
tion. Since the differential diagnosis often revolves around 
differentiating between a cystic and solid mass, the key ele- 
ment of such evaluation is the presence or absence of contrast 
enhancement [37]. Renal cysts often appear as high attenu- 
ation lesions on CT due to the presence of hemorrhagic or 
proteinaceous debris. Because the density of these lesions 
(greater than 20 HU) overlaps with solid nodules, they can- 
not be differentiated by unenhanced or contrast-enhanced 
CT alone. Rather, both unenhanced and enhanced images 
must be acquired in the same sitting, with HU measurements 
obtained from both series. At this time, there is no true con- 
sensus on what constitutes significant enhancement; how- 
ever, a threshold of >20 HU is used by some experts, with 
a 10-20 HU difference considered to be equivocal [37]. In 
the case of an enhancing soft tissue mass with no visible fat, 
there are no reliable CT findings to help differentiate a benign 
soft tissue mass, such as an oncocytoma or lipid poor angio- 
myolipoma, from a renal cell carcinoma (RCC). Lymphoma 
and metastatic disease can also have a similar appearance to 
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RCC, and attention to medical history and extrarenal find- 
ings must be made in order to make an accurate diagnosis. 
Nonneoplastic mimics of renal cell carcinoma include focal 
pyelonephritis, “pseudotumor” arising from congenital lobu- 
lation of the renal contour or from normal parenchyma adja- 
cent to scarred cortex, and IgG-4 disease [38]. 

Artifacts, such as beam-hardening from a patient who 
is unable to position his/her arms away from their sides, 
or from pseudoenhancement, can give spurious results. 
Pseudoenhancement is a well-known artifact on CT, which 
causes increase in attenuation measurements in renal lesions 
on intravenous contrast-enhanced CT. This is due to an 
incorrect image reconstruction algorithm in areas adjacent to 
high attenuation structures (in this case, the avidly enhanc- 
ing renal parenchyma), with small, intraparenchymal lesions 
most likely to be affected [39, 40]. 

Cystic renal lesions are ubiquitous in the adult popula- 
tion, and simple cysts comprise the overwhelming majority 
of these masses. Cystic neoplasms do, however, arise in the 
kidney; therefore, the density (HU) measurement and inter- 
nal composition of all cystic renal masses must be carefully 
assessed. The presence of enhancing septations and nodules 
increases the likelihood of a cystic neoplasm. The Bosniak 
classification of cystic renal masses categorizes lesions 
based on their morphology. Bosniak criteria include density, 
number and thickness of septations, wall thickness, and soft 
tissue nodules (Fig. 2.16) [37]. 

Angiomyolipomas (AMLs) are well assessed on CT and 
can be diagnosed when a renal mass contains macroscopic 
fat. This is a key element of renal mass characterization, as 
it is extremely rare for a renal cell carcinoma to contain fat. 
An unenhanced thin-section CT is the most sensitive test for 


fat detection and should be performed if fat is suspected in 
a renal mass. A small minority of AMLs (3-4%) will either 
contain either no fat or an insufficient amount of fat to be 
detected at CT. Although these lesions may have other fea- 
tures on CT that may suggest the diagnosis, such as attenua- 
tion similar to muscle on unenhanced CT, a lipid poor AML 
cannot be reliably distinguished from renal cell carcinoma 
without pathological confirmation [37]. 

In the setting of known renal malignancy, CT is an accurate 
modality for staging. The renal vein and IVC can be assessed 
for the presence and extent of tumor invasion. Tumor may be 
distinguished from bland thrombus by enhancement in the 
former; however, there are limitations of both CT and MRI 
in assessing for invasion of the IVC wall, which can signifi- 
cantly impact prognosis [41]. Lymph node status is assessed 
based primarily on node size, with a cutoff of 1 cm in short- 
axis diameter. This inevitably results in some false-positive 
(enlarged but benign nodes) and false-negative (small but 
malignant nodes) cases. Johnson et al reported a sensitivity 
of 83% and specificity of 88% for nodal assessment in the 
setting of renal cell carcinoma [42]. Distant metastases to 
lung, liver, bone, and other sites are well depicted on CT. 

In most cases of acute pyelonephritis, imaging is not nec- 
essary for diagnosis or management; however, CT does have 
a role in select subgroups of patients. These include those 
at high risk of complications, such as the immunocompro- 
mised, including diabetic patients, patients in whom there is 
poor response to standard treatment regimens, and in patients 
where there is clinical suspicion for complications, such as 
renal abscess, pyonephrosis, or emphysematous pyelone- 
phritis (Fig. 2.17) [43, 44]. The typical finding on intrave- 
nous contrast-enhanced CT is one or multiple wedge-shaped 


Fig. 2.16 Cystic renal cell carcinoma. Axial unenhanced (a) and (b) 
contrast-enhanced CT images demonstrate a large cystic left renal mass 
with nodular enhancing components (white arrows). Enhancement 


within a renal mass must be confirmed by comparison with unenhanced 
CT images. Also, note two small fat density right renal lesions repre- 
senting angiomyolipomas (black arrows) 
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Fig. 2.17 Emphysematous pyelonephritis. Coronal unenhanced CT 
image demonstrates a wedge-shaped focus of gas (arrows) within the 
parenchyma of the left kidney 


a 


Fig. 2.18 Pyelonephritis. Coronal reformatted image from CT per- 
formed with intravenous contrast demonstrates multiple wedge-shaped 
areas (arrows) of parenchymal hypoenhancement 


areas of cortical hypoenhancement, reflecting involved areas 
of renal parenchyma (Fig. 2.18). Radiating linear bands of 
alternating decreased and normal enhancement, likely due to 
obstructed tubules with intervening normal tubules, can give 
rise to a “striated nephrogram.” Secondary findings include 
global renal enlargement, thickening of Gerota’s fascia, and 
urothelial thickening of the renal pelvis and ureter [43, 44]. 
CT can also demonstrate renal manifestations of less com- 
mon infections, such as tuberculosis, fungal organisms, echi- 
nococcus, and xanthogranulomatous pyelonephritis (XGP) 
[43]. XGP is a chronic infection characterized by an incom- 
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plete immune response. CT findings include an enlarged and 
nonfunctioning kidney, usually unilateral, collecting system 
dilatation out of proportion to the renal pelvis, and low atten- 
uation foci within the calyces which reflect lipid-laden mac- 
rophages, a histologic hallmark of this disease. A staghorn 
calculus is present in most patients. Complications include 
perirenal and retroperitoneal abscesses (Fig. 2.19) and, less 
commonly, fistulization. 

Because of its availability, rapid patient throughput and 
accuracy for diagnosing renal injury, CT is the first-line 
modality for the evaluation of blunt or penetrating renal 
trauma, including iatrogenic injury from surgical and per- 
cutaneous renal procedures. CT findings can be graded in 
conjunction with a renal trauma grading system, such as the 
American Association of Surgery for Trauma (AAST) [45-— 
47]. Intravenous contrast is essential when CT is used for 
renal trauma evaluation, in order to accurately demonstrate 
injuries to the kidney parenchyma and vasculature as well 
as perirenal and retroperitoneal hemorrhage (Fig. 2.20) and 
fluid collections. Excretory (delayed)-phase images are nec- 
essary to evaluate for collecting system injury (AAST Grade 
IV or V), which is diagnosed by extravasation of contrast- 
opacified urine from the damaged segment of the collecting 
system (Fig. 2.21) [47]. 

CT has become the gold standard for the evaluation of 
renal stone disease, replacing excretory urography and plain 
radiographs in most centers. CT has been shown to be highly 
sensitive (95-98%) and specific (96-100%) for diagnosing 
urolithiasis [48, 49, 50]. It is also readily available in most 
emergency departments, rapidly performed, does not require 
oral or intravenous contrast, and can detect stones of all 
sizes. CT can also help provide alternative diagnoses to stone 
disease either within (infection, neoplasm, congenital anom- 
alies) or outside (e.g., pancreatitis, appendicitis) the urinary 
tract. The most direct sign of ureterolithiasis is identification 
of a stone in the ureter. Secondary signs of an obstructing 
stone commonly seen on CT include hydroureteronephrosis 
and perinephric and periureteral fat stranding [51]. 

CT can provide essential information in patients under- 
going stone removal procedures such as percutaneous 
nephrolithotomy (PCNL), ureteroscopy, or extracorporeal 
shock wave lithotripsy (ESWL). The preprocedure scan 
can help ascertain a safe route for needle access and the 
most appropriate calix to puncture in a patient undergoing 
PCNL and provide a stone to skin (SSD) distance prior to 
ESWL. Postintervention CT can be used to assess for any 
residual calculi or obstruction [52]. 

Congenital urinary tract anomalies are well evaluated 
with CT and often detected incidentally in the adult popula- 
tion; however, MRI is the preferred modality for assessment 
of a known or suspected anomaly in a child due to the lack 
of ionizing radiation and the ability to perform a multipara- 
metric examination. 
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Fig. 2.19 Xanthogranulomatous pyelonephritis. Scout CT view (a) 
shows a large left staghorn calculus. Axial images from contrast- 
enhanced CT (b, c) demonstrate a nonfunctioning, hydronephrotic kid- 


Fig. 2.20 


g Renal injury with active bleeding. Contrast-enhanced coro- 
nal reformatted CT image demonstrates a full thickness laceration of 
the left kidney. There is a large retroperitoneal hematoma (arrows) con- 
taining high attenuation foci, representing vascular contrast extravasa- 
tion (arrowheads) 


ney (white arrows). Note abscess (black arrows) with malpositioned 
drainage catheter in posterior retroperitoneum 


Adrenal Glands 


CT can be used to both characterize adrenal lesions and as a tool 
for surveillance of stability of an indeterminate nodule. The 
most common adrenal nodule is the adenoma. Do their high 
frequency in the general population, these are often discovered 
as incidental findings on CT performed for other indications 
[53-55]. CT can be used to characterize a lesion as a benign 
adenoma in two manners. The first and simplest is by perform- 
ing unenhanced CT. The majority of adenomas will contain 
intracellular lipid, which will reduce the attenuation of the nod- 
ule. Adrenal nodules measuring less than 10 HU on unenhanced 
CT can be diagnosed as adenomas with a 71% sensitivity and 
98% specificity as reported in a meta-analysis by Boland et al. 
[56]. Unfortunately, about 30% of adenomas will not meet this 
criterion. These so-called lipid poor adenomas can be evaluated 
with a combined unenhanced and contrast-enhanced CT exami- 
nation with washout analysis. Adenomas will usually have more 
rapid contrast washout than malignant nodules. The histopatho- 
logic basis for this is thought to be disorganized angiogenesis 
and vascular permeability in malignant nodules leading to extra- 
vascular contrast leakage. Washout is calculated by comparing 
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Fig. 2.21 Grade IV renal trauma. Axial contrast-enhanced images obtained in the nephrographic (a) and excretory (b) phases show a large paren- 
chymal laceration (arrows, a) and extravasation of excreted contrast (arrows, b) diagnostic of collecting system injury 


density measurements made on all three phases of the examina- 
tion (unenhanced, dynamic contrast-enhanced and delayed 
images obtained 15 minutes after contrast administration). 
Established washout thresholds for diagnosis of an adenoma are 
greater than 60% absolute percentage washout ([HUcontrast - 
HUdelayed]/[HUcontrast-HUunenhanced]) x 100) or greater 
than 40% relative percentage washout ({HUcontrast- 
HUdelayed]/HUcontrast]) x 100. Using these criteria, Caioli 
et al successfully diagnosed 160/166 adenomas with 98% sensi- 
tivity and 92% specificity [57]. One important caveat to remem- 
ber in adrenal washout imaging is that a pheochromocytoma 
can demonstrate washout levels similar to that of an adenoma. 
Pheochromocytomas usually enhance avidely, and, there is lit- 
erature suggesting that pheochromocytoma should be suspected 
if its absolute enhancement exceeds 110-120 HU after contrast 
administration [58]. 

Adrenal myelolipomas can be easily diagnosed in most 
cases due to the presence of macroscopic fat. Adrenal 
cysts are uncommon lesions, most often pseudocysts due 
to chronic hematoma. These lesions often demonstrate low 
attenuation and may contain wall calcification [53]. 

Other adrenal masses include hemorrhage, ganglio- 
neuroma, metastatic disease, pheochromocytoma, adrenal 
cortical carcinoma, lymphoma and collision tumor, and 
neuroblastoma in the pediatric population. Significant over- 
lap exists in the CT features of these lesions, and further 
investigation with laboratory tests and often biopsy may be 
necessary to make an accurate diagnosis. Contrary to prior 
literature suggesting that ionic intravenous contrast adminis- 
tration may provoke a hypertensive crisis in patients with a 
pheochromocytoma [59], more recent studies have shown no 
adverse effects to nonionic intravenous contrast in patients 
with pheochromocytoma [60, 61]. 


Adrenal cortical carcinoma has a propensity for venous 
invasion, the extent of which can be characterized on 
contrast-enhanced CT scan. An adrenal mass with invasion 
of the inferior vena cava is highly suggestive of adrenal 
cortical carcinoma [62]. There are numerous causes of non- 
traumatic adrenal hemorrhage, which can mimic an adrenal 
tumor on imaging studies. Hemorrhage may be suspected in 
an adrenal mass with high attenuation on unenhanced imag- 
ing, with or without stranding of the periadrenal fat. The pos- 
sibility of an underlying hemorrhagic neoplasm must also be 
entertained and can be further investigated using contrast- 
enhanced MRI with subtraction imaging [53]. 


Ureters and Bladder 


With the exception of stone disease as discussed above, CT 
evaluation of the ureter usually necessitates IV contrast 
administration. Common indications for imaging of ureteral 
disease include hematuria, suspected tumor, known lower 
tract or previously treated upper or lower tract transitional cell 
carcinoma, investigation of ureteral obstruction and after uri- 
nary diversion surgery. Comprehensive assessment of both 
the upper and lower tracts with CT is performed with CT 
urography. CT urography is usually performed as a triphasic 
study, with acquisition of unenhanced, nephrographic, and 
excretory-phase series. Diuretic administration, typically 
low-dose intravenous furosemide, aids in visualization of the 
upper and lower tracts by diluting the excreted contrast and 
increasing ureteral distention [63]. A biphasic study can be 
performed in younger patients to decrease radiation dose by 
using a “split-bolus” technique, whereby a combined nephro- 
graphic and excretory series is obtained. This is accomplished 


by dividing the contrast volume into two doses—a smaller 
dose of between 30 and 50 cc of contrast administered 8—10 
minutes prior to scan initiation, with the remainder (approxi- 
mately 100 cc) given 2 minutes prior to the scan. This tech- 
nique allows time for the earlier dose to circulate and become 
excreted by the kidneys, while the 2nd dose serves to provide 
a nephrographic phase [64]. Properly performed CT urogra- 
phy allows for detailed evaluation of the kidneys, collecting 
systems, ureters, and bladder and has been shown to be supe- 
rior for detection of transitional cell carcinoma as compared 
with excretory urography, with a meta-analysis finding a 
pooled sensitivity of 96% and pooled specificity of 99% [65]. 
Tumors will appear as a filling defect or wall thickening 
(either eccentric or circumferential) in the contrast-opacified 
collecting system/ureter (Fig. ), with or without hydro- 
ureteronephrosis. In positive cases, CT allows for tumor stag- 
ing to be performed simultaneously [63]. 

Other indications for CT urography of the ureters include 
trauma, including iatrogenic trauma from surgery or endo- 
scopic urologic procedures, and infectious and inflammatory 
disorders (Fig. ). CT urography can depict congenital 
anomalies, such as ureteropelvic junction obstruction, ure- 
teric webs, duplicated collecting system, and megaureter 
with superb detail [63], although, as mentioned above, MRI 


is the preferred modality for such indications in the pediatric 
population. 

Cystoscopy is typically the first-line method for the diag- 
nosis of bladder tumor. When CT is performed for bladder 
tumor assessment, CT urography is indicated, in order to 
evaluate both the upper and lower urinary tracts, due to the 
tendency of urothelial neoplasms to be multicentric, with 
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both synchronous and metachronous urinary tract involve- 
ment. There is the potential for some bladder tumors to be 
better visualized on the dynamic contrast-enhanced phase of 
the CT urogram rather than the excretory phase because (a) 
bladder cancers may show robust enhancement in the early 
phase of contrast administration [66] and (b) nonuniform 
opacification of the bladder due to mixing of contrast and 
urine can obscure or mimic a bladder nodule [67]. Sadow 
et al. reported a sensitivity of 79% and specificity of 94% for 
bladder cancer detection utilizing CT urography technique 
[68]. Limitations include underdistention of the bladder 
obscuring or potentially mimicking a tumor and flattening of 
the tumor from an overdistended bladder. CT may help visu- 
alize cancer within a bladder diverticulum [69], which can be 
especially helpful to the urologist when the diverticulum is 
not accessible by cystoscopy (Fig. t). 

CT is useful for detecting macroscopic extravesical tumor 
spread (T3b disease) from organ-confined tumor, although 
it will not detect microscopic perivesical fat invasion (T3a 
disease). CT can also be used to detect pelvic and retroperi- 
toneal lymphadenopathy and distant metastatic deposits. 
Invasion of local organs, such as the prostate and rectum, 
can also be evaluated, although lack of clear fat planes in 
the inferior pelvis can be a limiting factor in this regard. 
The inability of CT (or MRI) to resolve specific layers of 
the bladder wall significantly limits its overall accuracy in 
staging, especially in differentiating between T1, T2, and T3 
disease, and most T staging is performed using cystoscopy 
and biopsy [69]. 

In addition to tumor detection and staging, other indica- 
tions for CT of the bladder include trauma, fistulous disease, 


Fig.2.22 Renal pelvis mass. Axial (a) and coronal (b) excretory-phase 
images from CT urogram demonstrate a polypoid mass in the left renal 


pelvis, outlined by opacified urine. This finding is suspicious for transi- 


tional cell carcinoma; however, tissue confirmation was not obtained 
due to the advanced age and comorbidities of the patient 
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Fig. 3 Ureteritis cystica. Coronal images (a, b) from CT urogram 
demonstrate numerous tiny ureteral filling defects (arrows). 
Intraoperative fluoroscopic image obtained during retrograde pyelo- 


and assessment for rupture after biopsy, surgical procedure, 
or other instrumentation. Definitive evidence of bladder 
injury can be obtained with CT cystography which will show 
extravesical contrast extravasation in cases of bladder per- 
foration and can also demonstrate whether the perforation 
is intra- or extraperitoneal, depending on the anatomic loca- 
tion of the extravasated contrast (Fig. ). In the setting of 
blunt trauma, CT cystography has been shown to be accurate 
in demonstrating bladder rupture, with both sensitivity and 
specificity approaching 100% [70, 71]. 


gram (c) better demonstrates the extent of ureteral involvement, with 
countless small intraluminal filling defects now visible 


Dose Reduction Strategies in CT 


Dose reduction in medical imaging has been the subject of 
intense investigation and significant progress for almost two 
decades. The exponential growth in medical imaging in the 
1980s and 90s, a substantial amount of which can be attrib- 
uted to increased utilization of CT, eventually raised concern 
among radiologists and medical physicists regarding the 
potentially deleterious effects of exposure to ionizing radia- 
tion, most notably the increased risk for cancer. This concern 
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Fig. 2.24 Urinary bladder diverticulum with tumor. Axial contrast- 
enhanced CT image shows a left-sided urinary bladder diverticulum 
with nodular wall thickening suspicious for cancer (arrows) 
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Fig. 2.25 Urinary bladder perforation. Sagittal reformatted image 
from CT cystogram shows a defect in the wall of the bladder at the 
anterior dome and intraperitoneal contrast extravasation (arrow). The 
bladder was injured during cesarean section 


was augmented by a series of alarming articles in the span of 
a few years which gave startlingly high estimates of the num- 
ber of cancers potentially caused by medical radiation, indi- 
cating that 1.5-2.0% of all adult cancers in the USA may be 
caused by exposure to CT [72]. These estimates were based 
on extrapolation of atomic bomb data and a large-scale study 
of workers in the nuclear industry. Cancer risk from radiation 
exposure in the pediatric population is even higher, estimated 
to be an order of magnitude greater than that for adults [73]. 
This information was reported on by the lay press and raised 
awareness, and sometimes alarm, on the issue of medical 
radiation exposure among the general public [74]. In the past 
two decades, dose reduction strategies in CT have been the 


subject of intense investigation among the major CT vendors 
and the radiology community, with significant achievements 
on multiple fronts. 


Automatic Exposure Control 

The radiation dose from CT is considerably higher than for a 
corresponding radiographic examination. One of the funda- 
mental properties of CT is that there is no penalty for exces- 
sive radiation (overexposure). This fact led to a tendency for 
scan protocols to err on the side of overexposure in order to 
ensure a diagnostic quality examination. To combat this ten- 
dency, vendors have developed automatic exposure control 
(AEC) and dose modulation capabilities, whereby the mini- 
mum amount of radiation is used in order to acquire a diag- 
nostic quality CT scan, based on patient body size and the 
type of study performed. This strategy is based on the funda- 
mental radiological concept of ALARA (As Low As 
Reasonably Achievable) for radiation exposure. Scanner 
software enables tube current adjustments based on the spe- 
cific size and body type of each individual patient; in this 
manner the dose for each scan is uniquely customized to the 
patient. This results in tube current varying over the course 
of the scan (longitudinal modulation). As an example, on a 
chest CT scan, the dose may be higher in the upper thorax to 
compensate for the increased bony structures (proximal 
humerus, clavicle, scapula), as compared with the lower 
chest, where there is less bone for the beam to potentially 
absorbed or scattered. The tube current can also be modu- 
lated during each individual gantry rotation (angular modu- 
lation), increasing in areas where there is greater depth of 
tissue penetration, e.g., when the tube is oriented along the 
transverse plane as compared with the AP plane of the 
patient. Present-day scanners simultaneously employ both 
longitudinal and angular tube current modulation, allowing 
dose reduction in all three planes. AEC can result in a 
20—40% decrease in dose. Note, however, that this benefit is 
not seen in obese patients, in whom the dose is actually 
increased in order to assure a diagnostic quality scan [75]. 


Iterative Reconstruction 
Iterative reconstruction techniques are a commonly used 
dose reduction strategy. These algorithms use additional data 
processing steps after filtered backprojection to create 
images with a higher signal/noise ratio as compared with 
standard images obtained with an equivalent radiation dose 
[75, 76]. Iterative reconstruction techniques require an enor- 
mous amount of computational analysis and have only 
recently become practical to use in routine practice because 
of the exponential increase in computing power in today's 
scanners. 

The goal of using iterative reconstruction is to create an 
image with reduced noise, making it theoretically easier to 
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read. While this is effective to a certain degree, it can lead 
to images which are too “smooth,” with degradation of reso- 
lution, contrast, and alteration of image texture, potentially 
obscuring pathologic findings [77]. Therefore, in practice, 
most radiologists use a blended image, composed mostly of 
filtered backprojection, and a prescribed percentage of itera- 
tive reconstruction. This can achieve a significant drop in 
radiation dose, frequently 25—40% less than images obtained 
with standard technique. Iterative reconstruction techniques 
are available on CT scanners of all major vendors and go 
by varying trade names. Model-based iterative reconstruc- 
tion techniques are an advanced form of iterative reconstruc- 
tion and can provide robust noise reduction and the potential 
for even greater decrease in radiation dose than iterative 
reconstruction; however, long postprocessing times limit its 
use in a busy clinical setting, and the resulting images have 
been criticized for alterations in image texture [76]. 


Tube Kilovoltage Reduction 

The two main variables in producing the beam of ionizing 
radiation in CT are the tube current (measured in mAs [mil- 
liampere x second]) and the tube kilovoltage (kV). Adjusting 
the kV has a powerful effect on radiation dose, as the dose is 
proportional to kV”. Lowering the kV in a CT scan can pro- 
duce beneficial effects related to image contrast which are 
related to the dramatic increase in the density of iodine at 
lower kV settings. This can produce higher quality contrast- 
enhanced vascular studies and increase the visibility of 
hypervascular tumors, vascular masses, and areas of acute 
inflammation, with the added benefit of reduced radiation 
dose. The primary drawback to low kV studies is increased 
noise leading to image degradation, which is made worse in 
larger patients. Therefore, low kV technique must be used 
selectively, primarily in thin or normal body habitus patients. 
Additionally, the use of low kV technique on noncontrast 
studies is generally avoided, as soft tissue does not show the 
same changes in density as iodine with reduced kV [75]. 


Urology Specific Low-Dose CT Strategies 


Renal Stone Disease 
There is probably more literature regarding the use of low- 
dose CT for the evaluation of renal stone disease than for any 
other urinary tract application. This stems from the high 
innate contrast differences between stones and soft tissue, 
which allows for visualization of most stones even at low 
radiation dosages, in which there is greater image noise and 
decreased contrast resolution. 

A meta-analysis of the literature on low-dose CT for 
urolithiasis by Drake et al showed excellent sensitivity 
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(90-97%) and specificity (86-100%) for stone detection, 
comparable to standard-dose CT. In this study, low dose was 
defined as <3 milliseiverts (mSv) per examination. To put 
this number in context, a typical abdominal CT scan results 
in exposure in the range of 8—10 msV. Limitations of low- 
dose technique include potentially missing some small (<3 
mm) calculi, especially in the pelvis, and image degradation 
in obese patients [78]. 


CT Urography 

The radiation dose from CT urography is significantly higher 
than for routine abdominal CT; the standard 3-phase CT uro- 
gram (unenhanced and contrast-enhanced nephrographic 
and excretory phases) can expose the patient to roughly tri- 
ple the amount of radiation than from a typical single-phase 
scan. The examination can be reduced to two phases by using 
a split-bolus technique to combine the nephrographic and 
excretory phases into a single contrast-enhanced acquisition, 
as described above in the “Ureters and Urinary Bladder” sec- 
tion. By eliminating a third scan, radiation dose can be sub- 
stantially reduced, lowered by 31% in one study [79]. 
Split-bolus technique has been found to be both sensitive and 
specific for detection of upper tract (kidney, collecting sys- 
tem, ureters) tumors [64]. Longer delay times may improve 
ureteral opacification [79]. A limitation of split-bolus tech- 
nique is in detection of subtle enhancing ureteral lesions, and 
as such it may be most appropriate for younger, low-risk 
patients, with three-phase urography performed in older and 
higher risk patients [79]. Pediatric patients with an indication 
for urography typically are imaged with a combination of 
ultrasound and MR urography. 


Dual-Energy CT 

The ability of dual-energy CT to provide virtual unenhanced 
images engenders hope that acquisition of unenhanced CT 
images may become unnecessary in the near future, as studies 
comparing virtual unenhanced to true unenhanced images 
become available. Eliminating the use of an unenhanced 
acquisition would make dual-energy CT useful in renal mass 
characterization and CT urography, as unenhanced images are 
mandatory for adequate evaluation of renal masses and uri- 
nary tract lesions. At the time of this writing, attenuation mea- 
surements obtained with virtual unenhanced images show 
promise in accurately assessing nonenhancing renal lesions 
and, however, show reduced diagnostic performance for char- 
acterization of enhancing lesions. Therefore, according to the 
most current published data, virtual unenhanced images are 
not considered a reliable substitute for standard unenhanced 
images for renal mass assessment. This recommendation may 
change over time, with continued evolution of dual-energy CT 
scanners and modifications in scan technique [80]. 
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Magnetic Resonance Imaging: Basic Physics 
and Genitourinary Applications 


Magnetism is an invisible force in nature, associated with the 
Earth, as well as many natural materials. Moving charges in 
an electric current flowing through a wire can produce a 
magnetic field. The unit of strength of a magnetic field is the 
Tesla, with magnetic field strengths used in clinical MRI of 
approximately 0.5-3 Tesla. 

Protons also have a tiny associated magnetic field as a 
result of a spinning charge. This tiny magnetic field, called 
the magnetic dipole moment, can experience a force from an 
externally applied magnetic field. Biologic tissues are mostly 
composed of water molecules, which contain two hydrogen 
ions each consisting of a single proton. Clinical MRI applies 
to magnetism resulting from the proton, although electrons 
and neutrons have associated magnetism as well. In atomic 
nuclei with greater than | proton, protons will align with one 
another with opposite poles attracting. Pairs of protons with 
their unlike magnetic poles attracting lower the net magne- 
tization of the pair. Thus, atoms with even atomic numbers 
will have no net magnetization. 

Normally, the magnetic dipoles of hydrogen protons in 
tissue are randomly oriented. When exposed to an externally 
applied static magnetic field, such as in a clinical MRI mag- 
net, the magnetic dipole will experience a force. The north 
pole of the hydrogen proton will be forced to align with the 
south pole of the external magnetic field. The proton is also 
forced into a spinning, precessional motion around the lines 
of the force of the external magnetic field, similar to that of a 
spinning top. The speed of proton precession, or precessional 
angular frequency (w), is influenced by the strength of the 
magnetic field and is known as the Larmor frequency. The 
relationship between proton precessional frequency and the 
external magnetic field is governed by the Larmor Equation: 


w =(y)x(BO) 


where w refers to the precessional angular frequency, y is 
the gyromagnetic ratio of the particular atom, and BO is the 
strength of the external magnetic field. 

When placed in a strong external magnetic field, protons 
are forced into parallel alignment, either with or against the 
direction of the magnetic field. A very slight majority of pro- 
tons will align with the field, and it is this small excess which 
gives rise to MR signal, producing a vector (Mz) along the 
Z-axis. This is known as the longitudinal vector. 

In clinical MRI, a radiofrequency (RF) pulse in the same 
frequency range as the precessing protons is applied long 
enough to deviate the protons to a prescribed angle from 
the external magnetic field, which varies but is often 90° or 


180°. This angle is known as the flip angle. Once the pulse 
is turned off, protons will return to their original state, a pro- 
cess known as relaxation, which has two components. The 
first is termed T1 relaxation and is defined as the time for the 
longitudinal magnetization to regain 63% of its maximum 
value. Different tissues have different values of T1 and relax 
at different rates, with a short T1 relaxation time for adipose 
tissue and long T1 relaxation time for CSF. 

The second effect of the applied RF pulse is that protons 
will synchronously precess, creating net transverse (Mxy) 
magnetization. Once net transverse magnetization is estab- 
lished and the RF pulse is turned off, protons will gradually 
precess in a more random fashion. Some protons will precess 
faster and others slower, a process called dephasing, result- 
ing in decay of the Mxy vector, termed T2 relaxation. T2 
relaxation time of tissue is the time it takes for the Mxy vec- 
tor to decay to 37% of its maximum value. Different tissues 
have different values of T2 and dephase at different rates, 
with short T2 relaxation time for liver, muscle, and myocar- 
dium and long T2 relaxation time for CSF [81]. 


Image Formation 


In addition to a static external magnetic field, the process of 
image formation requires the introduction of magnetic field 
gradients or slopes of magnetic strength which are changes 
in the magnetic field strength as a function of location in the 
patient. Under the influence of a magnetic field gradient, the 
resonant frequency of protons affected by the gradient varies 
according to location. Three different gradients are applied 
during image formation: slice selection, phase-encoding gra- 
dient, and frequency-encoding gradient, each of which is 
applied in one of the 3 spatial planes, with the information 
from each used to assign signal to a precise point on the 
image, or pixel, which is the term for the smallest resolvable 
unit of area on an image. 

Assuming the patient is laying supine on the MRI table, 
gradient direction can be applied anterior to posterior, supe- 
rior to inferior, or left to right to create sagittal, axial, and 
coronal spatial information. Initially, a slice selection gradi- 
ent is turned on, and an RF pulse with a specific bandwidth 
is administered to the patient, and tissue with a resonant fre- 
quency within this bandwidth is excited. The thickness of the 
section of tissue excited by the pulse determines the actual 
slice thickness and is inversely proportional to the strength 
of the gradient. 

Subsequently, in the excited slice, a gradient is applied 
along the phase-encoding axis. Protons in the excited slice will 
be precessing at different speeds along the direction of the gra- 
dient. Protons precessing faster gain phase. After the phase- 
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encode gradient is turned off, the frequency-encode gradient 
is applied along an axis perpendicular to the phase-encode 
axis. The phase- and frequency-encoding gradients encode 
proton magnetic moments spatially, essentially labeling each 
pixel. During readout, the RF coil then detects the magnetiza- 
tion signal as a summation of all voxels which have each been 
uniquely labeled. Signal from each set of ensembles fills in 
one data point in K-space, which is then in turn processed into 
an image through Fourier transformation [81]. 


Pulse Sequences 


An MRI pulse sequence diagram outlines the basic execution 
of an MRI scanner as follows: RF excitation, slice select gra- 
dient, phase-encode gradient, frequency-encode gradient, 
data acquisition. These pulses are repeated many times dur- 
ing MRI imaging. The time between repetitions of pulse 
sequences is the repetition time (TR). The time between the 
RF pulse and the greatest MRI signal from transverse mag- 
netization is the echo time or TE. The TR and TE are impor- 
tant tissue-related parameters having impact on image 
contrast. The TR is selected by the MRI operator and impacts 
the level of T1 contrast between tissues. If the TR is long, T1 
relaxation differences between tissue are minimized. A short 
TR allows for greatest T1 contrast between tissues; there- 
fore, Tl-weighted images employ short TRs. T2-weighted 
sequences utilize a long TR in order to decrease T1 contrast 
and a long TE to optimize T2 contrast between tissues. 
Tissues with short T1 times will be brighter on T1-weighted 
images, while tissues with long T2 times will have higher 
signal on T2-weighted sequences [82-84]. 


Spin Echo Spin-echo and fast spin-echo sequences are the 
mainstay of conventional MR imaging. Spin-echo sequences 
begin with a 90-degree RF pulse followed by a 180-degree 
refocusing pulse at time TE/2. The signal produced at time 
TE fills one row of K-space. At time interval TR, the whole 
process is repeated to fill subsequent rows of K-space. TR 
and TE affect weighting as described above and can be tai- 
lored to provide either T1- or T2-weighted sequences. Spin- 
echo sequences have low sensitivity to magnetic field 
inhomogeneities and magnetic susceptibilities due to appli- 
cation of the above described 180-degree refocusing pulse 
[82-84]. 

Due to the very long imaging times of spin-echo 
sequences, they have largely been replaced by fast spin echo 
(FSE). FSE is a variation on spin echo, whereby multiple 
rows of k-space are filled in a single TR interval. This results 
in much faster imaging times, with similar image quality, 
signal, and resolution to conventional spin-echo sequences 
[83, 84]. 
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Gradient Recalled Echo (GRE) These sequences, of 
which there are numerous variations, begin with a small 
(<90°) flip angle which tips longitudinal magnetization and 
creates some transverse magnetization. Unlike spin-echo 
imaging, a 180-degree refocusing pulse is not applied in 
GRE. A negative frequency gradient pulse causes rapid 
dephasing of transverse magnetization followed by a positive 
frequency gradient pulse which rephases transverse magneti- 
zation and produces a gradient echo at TE. 

Due to the use of small flip angles and the lack of a refo- 
cusing pulse, GRE images can be obtained with extremely 
short TR and TE values, allowing for rapid acquisition times. 
GRE sequence times are measured in seconds, as opposed 
to spin-echo sequences, which take minutes to complete, 
thus allowing breath-hold imaging to be performed. GRE 
sequences are vital for imaging the upper abdomen, and to a 
lesser degree the pelvis, where fast sequences are necessary 
to minimize degradation from respiratory movements and 
bowel peristalsis. GRE also allow for volumetric imaging, 
including 3D magnetic resonance angiography and volumet- 
ric acquisitions [83, 85]. 


Inversion Recovery This sequence begins with a 180-degree 
RF pulse causing inversion of the initial longitudinal tissue 
magnetization. A standard spin-echo sequence is then per- 
formed. During TI or inversion time, T1 relaxation causes dif- 
ferent tissues to regain their longitudinal magnetization at 
different rates, which is the basis for T1 contrast. An inversion 
time (TI) can be chosen such that when a 90-degree spin-echo 
excitation occurs, a particular tissue magnetic moment will be 
at its “null point” and thus contribute very little to the overall 
signal. This property is utilized in short-inversion time inver- 
sion-recovery (STIR) sequences for fat saturation and in fluid- 
attenuated inversion-recovery (FLAIR) sequences for 
saturation of water signal [82, 86, 87]. 


Diffusion- Weighted Imaging (DWI) In essence, diffusion- 
weighted images are constructed by employing a spin-echo 
T2-weighted sequence with a dephasing or diffusion sensi- 
tizing gradient applied between the initial 90-degree RF 
pulse and the subsequent 180 pulse and a symmetric rephas- 
ing gradient applied after the 180-degree pulse. The basic 
idea behind DWI is to measure the degree of molecular 
motion during the time between these two gradients. DWI 
sequences can be performed with a range of B values. The B 
value refers to the strength of the diffusion sensitizing gradi- 
ent and is proportional to gradient amplitude, duration, and 
time interval between paired gradients. 

The motion of water molecules in an environment of 
tightly packed cells or inflammatory debris will be restricted. 
Any change in phase acquired by the dephasing gradient is 
canceled by the rephasing gradient; thus, signal from these 
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tissues will be relatively preserved. Conversely, water mole- 
cules which are not restricted by their local environment can 
move relatively long distances after the initial gradient, and 
the effect of the first gradient will not be completely canceled 
out by the second gradient, resulting in net loss in signal 
intensity. In practice, this means that tissues with restricted 
diffusion will have higher signal than tissues with free diffu- 
sion, as the B value is increased, with the difference in signal 
becoming more pronounced as the B value is increased. For 
instance, at a B value of 0, free water molecules have high 
signal intensity; signal and contrast from a By image mirrors 
that of a T2-weighted image. As the B value is increased, 
water molecules in a nonrestricted environment will lose 
their signal, while restricted tissues retain their signal. 

Quantitative analysis of diffusion properties can be per- 
formed by the generation of apparent diffusion coefficient 
(ADC) maps, which are routinely obtained in clinical prac- 
tice. Note that signal on the ADC maps is the opposite of 
what is on the actual diffusion images described above areas 
of restricted diffusion will be dark, while tissues with free 
diffusion will have bright signal [88, 89]. 


Fat Suppression Due to differences in their local molecular 
environment, protons in fat have a slightly different resonant 
frequency than do protons in water. Fat suppression refers to 
the application of an RF pulse at the resonant frequency of 
fat protons, which selectively suppresses fat signal. Removal 
of high signal fat has two important benefits in abdominal 
MR imaging. The first, more general benefit, is that fat sup- 
pression results in an image which is more sensitive to signal 
intensity changes, either from innate tissue properties or 
from contrast enhancement. This results in increased conspi- 
cuity of pathologic processes and enhancement. For these 
reasons, frequency-selective fat-suppressed imaging has 
become an essential element of the abdominal MRI exam. 
A second and more specific benefit of fat suppression is 
characterization of lesions containing macroscopic fat; such 
lesions will lose signal on fat-suppressed sequences as com- 
pared with the same sequence performed without fat sup- 
pression. Renal angiomyolipomas, adrenal myelolipomas, 
and retroperitoneal liposarcomas are examples of some of 
the more commonly encountered lesions in the urinary tract/ 
retroperitoneum which contain macroscopic fat [85-87]. 


In- and Opposed-Phase (Chemical Shift) Imaging In- 
and opposed-phase (“in/out” phase) sequences produce 
T1-weighted gradient-echo images. Due to slight differences 
in their local chemical environment, water and fat protons 
will precess at slightly different frequencies from each other. 
Over time, they will periodically resonate in-phase and out- 
of-phase with each other at regular, predictable intervals, 
which is dependent on the magnetic field strength. This prop- 


erty is exploited with in- and opposed-phase imaging. Signal 
intensity on sequences obtained when water and fat protons 
are in-phase with each other reflects the sum of the magni- 
tude of water and fat signals. Conversely, out-of-phase imag- 
ing reflects the difference in magnitude of the opposed-phase 
water and fat vectors, as these vectors are opposed in direc- 
tion and cancel each other out. Thus, tissues composed of 
50% fat and 50% water will, in theory, have maximal signal 
loss (complete drop out) [85—87]. Conversely, tissues com- 
posed entirely or almost entirely of fat, such as some renal 
angiomyolipomas or adrenal myelolipomas, will have no 
change in signal as compared to the in-phase sequence (no 
drop out). Such lesions are best characterized on frequency- 
selective fat-suppressed sequences. 

In- and opposed-phase images are typically obtained 
together, in a single breath hold, often referred to as a dual- 
echo sequence, with the images acquired at a slightly dif- 
ferent TE (time to echo), on the order of milliseconds, to 
match in and opposed-phase cycles between fat and water 
protons. 

In- and opposed-phase imaging is routinely employed in 
urologic MR applications and plays a fundamental role in 
characterizing lesions containing microscopic fat. Examples 
of applications include fat detection in adrenal adenomas and 
clear cell renal cell carcinoma. Opposed-phase images can 
be readily identified by a well-demarcated black line at any 
fat-water interface, so-called India ink artifact. 


MR Urography 


MR urography is an excellent method for noninvasive imag- 
ing of the urinary tract. Indications include the evaluation of 
urinary tract obstruction, hematuria, congenital anomalies, 
and pre- and postsurgical anatomy. MR urography avoids the 
use of ionizing radiation and thus is of great benefit in evalu- 
ating pregnant patients and the pediatric population. MR 
urography is composed of two components—static-fluid and 
excretory MR urography. 

In static-fluid MR urography, heavily T2-weighted 
sequences of the urinary tract are acquired, typically consist- 
ing of both high-resolution images and fast images acquired 
in rapid succession to create a cine series. Together, these 
can visualize the collecting systems, ureters, and bladder in 
their entirety. As visualization does not depend on excretion 
of contrast, static-fluid techniques are especially helpful in 
patients with dilated collecting systems and/or decreased 
renal function, in whom there may be poor contrast excre- 
tion and urinary tract opacification. Static-fluid techniques 
are also beneficial in subgroups of patients who are unable 
to receive intravenous contrast, including pregnancy, renal 
failure, and allergy. 
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Excretory MR urography, as its name implies, is per- 
formed in the excretory phase of contrast enhancement and 
can aid in the detection of mass lesions and assessment of 
renal function. Diuretic administration, usually low-dose 
furosemide, improves image quality in nondilated systems 
by enhancing urine flow, diluting the excreted contrast, and 
mildly distending the urinary tract. 

Limitations of MR urography include long examination 
times, lower spatial resolution as compared with CT, and 
relative insensitivity to urinary tract calculi [90-92]. 


Basic Exam 


The MRI exam begins with the patient being placed on a 
gantry which passes through the bore of the magnet. When 
exposed to a magnetic field, free water protons within atoms 
orient along the Z-axis (head-to-toe axis) of the magnetic 
field. A radiofrequency coil is placed over the body part of 
interest. This typically consists of a coil which is placed out- 
side the patient, positioned over the front and back of the 
patient; however, internal coils, such as endorectal coils, can 
be used for specific indications. The coil transmits the RF 
pulse through the patient. The effects of the RF pulse on the 
protons are expressed as a signal to obtain the magnetic reso- 
nance image. Common generic sequences utilized in MR 
imaging of the GU tract include fast spin echo, single-shot 
fast spin echo with half-Fourier acquisition, 2D spoiled gra- 
dient echo, 3D spoiled gradient echo, and balanced steady- 
state gradient echo. Unfortunately, each manufacturer has 
created unique trade names for these sequences, which often 
leads to undue confusion in trying to understand the proper- 
ties, benefits, and limitations of these sequences [93]. 

Weighting of the image depends on TR and TE val- 
ues as mentioned earlier in the general physics section. 
On Tl-weighted images, fluid is low in signal, while on 
T2-weighted images, fluid is bright. 


Relative and Absolute Contraindications 


As there are many potential risks due to the strong magnetic 
field of MRI scanners, and adverse events and injuries have 
occurred involving patients, personnel, and equipment, the 
American College of Radiology recommends that all clinical 
and research MRI sites have a restricted zone, which includes 
the actual scanner room and an adjoining area, in which 
access is allowed only after careful MR safety screening. 
Any implantable device or potential foreign object must be 
carefully investigated for MR compatibility prior to the 
patient entering the restricted zone. These include, but are 
not limited to, vascular stents, stapes implant, implanted 
drug infusion device, neural growth stimulator, surgical 
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clips, wire sutures, ocular prosthesis, joint replacement or 
prosthesis, bullets, and other foreign objects. 

Contraindications to MRI include metal-containing 
implants which have the ability to heat or move when 
under the influence of a strong magnetic field or electronic 
implants which may be interrupted or permanently altered. 
These include some MR nonconditional pacemakers and 
defibrillators, metallic foreign body in the eye, deep brain 
stimulator, Swan-Ganz catheter, bullets or gunshot pellets, 
cerebral aneurysm clips, cochlear implants, magnetic dental 
implants, and drug infusion devices. In the past 10 years, 
evidence from multiple sources has shown that earlier beliefs 
regarding the dangers of implanted cardiac devices were 
overstated. Currently, there are numerous FDA-approved 
pacemakers and implantable cardiac devices that are classi- 
fied as "MR conditional." Patients with these devices can be 
safely imaged in the correct environment, including the pres- 
ence of electrophysiology support staff with the knowledge 
to interrogate and deprogram the device before and after 
MR imaging. Even patients with older "MR nonconditional" 
devices can usually be scanned safely if proper precautions 
are taken. 

Other obstacles to MR examination include large patients 
that may be difficult to accommodate in the MRI bore, claus- 
trophobic patients requiring sedation, significant pain limit- 
ing the patient’s ability to lie still, and surgery in the previous 
six weeks [94] 


Applications of MRI in the Urinary Tract 


While CT is often the initial imaging modality for investigat- 
ing genitourinary tract disease, advances in MRI, especially 
in terms of speed of image acquisition, have greatly improved 
the capabilities of MR imaging. MRI is superior to CT with 
regard to contrast resolution of soft tissue, often being able to 
further characterize equivocal CT or ultrasound findings. 
MRI can frequently provide substantial information when 
iodinated contrast for CT cannot be administered, even in 
situations where contrast cannot be administered for the MR 
examination. One important limitation of MRI in contrast to 
CT is inferior spatial resolution. Below, we will explore the 
specific applications of MR imaging of the genitourinary 
tract by organ. 


Kidney 


Contrast-enhanced MRI has been shown to be a highly 
accurate modality for both detection and characterization of 
renal lesions [95, 96]. MRI is especially useful for more 
definitive characterization of indeterminate lesions seen on 
CT. Weakly enhancing neoplasms such as papillary renal 
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cell carcinomas may demonstrate equivocal levels of 
enhancement on CT [97-99]. Detection of enhancement 
within small (<1.5 cm) lesions is frequently confounded on 
CT due to pseudoenhancement artifact [39, 40]. Intralesional 
high attenuation within hemorrhagic cysts or tumors can 
make detection of enhancement difficult on CT. In all of 
these scenarios, MRI can provide more definitive evidence 
of enhancement and thus guide management [37, 95, 96, 

]. When evaluating cystic renal lesions, MRI can readily 
detect a proteinaceous or hemorrhagic cyst as a nonenhanc- 
ing lesion with high T1 signal and can accurately evaluate 
for the presence or absence of septal enhancement (Fig. ) 
[37]. Calcifications within a complex cyst may cause arti- 
fact on CT and, however, do not interfere with detection of 
enhancement on MRI. Therefore, MRI can more accurately 
detect enhancement within the wall of a complex cyst than 
will CT. Subtraction images, obtained by electronically 
subtracting the precontrast sequence from the postcontrast 
sequence, generate images composed exclusively from con- 
trast signal and are useful in assessing enhancement 
(Fig. 2.27) (96, 100]. 

MRI can be used for staging renal cell carcinoma, with 
several studies showing similar accuracies of CT and MRI 
in staging based on the TNM system, including detection of 
renal vein and inferior vena cava invasion(Fig. ) [101]. 

MRI is also useful in detecting fat within 
angiomyolipomas(AMLs). T1 fat-suppressed images are 
virtually diagnostic for AML if there is signal loss in 
the lesion when compared with a similar sequence per- 
formed without fat suppression (Fig. ). Four to five 
% of AMLs are lipid poor, and either contain no fat or 


insufficient fat to be detected on imaging; these lesions 
cannot be reliably differentiated from renal cell cancer 
with any imaging modality [102]. Some AMLs may also 


lose signal (drop out) on out-of-phase imaging due to the 
presence of microscopic amounts of fat within the tumor; 
however, caution should be exercised with this finding, 
as clear cell renal cell carcinoma can also contain intra- 
cellular lipid and thus dropout on out-of-phase images 


(Fig. 


30) [102, 103]. 


Papillary renal cell carcinoma. Axial T1 postcontrast sub- 
traction image at 100 seconds after contrast administration demon- 
strates mild heterogeneous enhancement of a left renal mass. Most 
papillary renal cell carcinomas demonstrate weak enhancement as com- 
pared with renal parenchyma. Subtraction images help make signal 
from enhancing tissue more conspicuous. This finding was confirmed 
surgically 


Complex cystic renal mass. Axial T2-weighted (a) MRI 
image demonstrates a cystic right renal mass with numerous septations 
of varying thickness. Contrast-enhanced subtraction image (b) shows 
lack of enhancement within the wall of the mass or any of the septa- 
tions. The numerous septations in this mass raise suspicion for cystic 


renal cell carcinoma; however, the complete lack of enhancement sug- 
gests benignity—the septations may be sequelae of prior intracystic 
hemorrhage. This mass was stable for several years and thus likely 
benign 


44 
Adrenal 


CT is the primary imaging modality for evaluating the adre- 
nal glands; however, MRI plays a role in characterizing an 
adrenal mass in the setting of an equivocal CT and in patients 
who cannot receive iodinated contrast for CT. MRI is par- 
ticularly useful in differentiating adrenal adenoma from 
metastasis. 

Adrenal metastases and adenomas are differentiated on the 
basis of chemical shift imaging. Adrenal adenomas contain 
intracellular lipid, whereas metastases do not. If the lesion in 
question demonstrates signal dropout on out-of-phase imag- 


2.28 Renal cell carcinoma with renal vein invasion. Axial “bright- 
blood” balanced gradient-echo image demonstrates a large mass involv- 
ing the left kidney (yellow arrow) with expansion of the left renal vein 
compatible with tumor thrombus (purple arrow). Note the difference in 
signal between the tumor-infiltrated left renal vein and the patent infe- 
rior vena cava. In patients who cannot receive intravenous contrast for 
MRI, noncontrast imaging, including conventional, diffusion-weighted, 
gradient-echo, and even MRA sequences, can often provide substantial 
information as compared to unenhanced CT scan 
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ing, then it likely represents an adenoma(Fig. ), except 
in rare instances, such as metastatic disease from a clear cell 
renal cell carcinoma. Lesions with no change in signal on 
out-of-phase imaging either do not contain lipid or contain 
insufficient quantities of lipid to be detected on MRI and are 
thus indeterminate. Such a lesion could represent a lipid poor 
adenoma or a nonadenomatous lesion. The sensitivity for 
adenoma detection with chemical shift imaging is approxi- 
mately 80% [104], which is similar to unenhanced CT. 

Other adrenal lesions that can be specifically character- 
ized by MRI include cyst and myelolipoma. However, the 
differential diagnosis of a noncystic adrenal nodule devoid of 
fat is wide and must be correlated with a thorough biochemi- 
cal and hormonal workup for accurate diagnosis. 

Approximately 65% of pheochromocytomas are “light- 
bulb” bright on T2-weighted sequences; however, this is not 
a particularly sensitive or specific finding. A pheochromo- 
cytoma cannot be excluded on the basis of low T2 signal 
intensity, and other adrenal lesions, both benign and malig- 
nant, may have bright T2 signal [ ]. MRI, however, 
is an excellent modality for identifying extra-adrenal sites 
of pheochromocytoma, including the organ of Zuckerkandl, 
retroperitoneum, or carotid bulb. 


Ureter and Bladder 


MR urography is a useful method to evaluate the ureter and 
the bladder, especially in the pediatric age group, pregnant 
patients, and in the setting of a contraindication to iodinated 
contrast. Congenital anomalies (Fig. ), stenoses, obstruc- 
tion, and filling defects due to stricture or neoplasm can be 
readily identified. MRI is significantly inferior to CT in the 
detection of ureteral calculi. The diagnosis of an obstructing 


Fig. 2.29 Renal angiomyolipoma. Axial T1-weighted images obtained 
without (a) and with (b) fat suppression demonstrate a large, exophytic 
left renal mass (arrows) with areas of bulk fat which is bright on (a) and 


loses signal on the fat-suppressed image (b), compatible with an 
angiomyolipoma 


Fig. 2.30 Clear cell renal cell carcinoma. Axial T1 in-phase (a) and 
out-of-phase (b) images demonstrate signal dropout within a large right 
renal mass (arrows) on out-of-phase imaging, confirming the presence 
of intracellular lipid. Dropout can also be seen in angiomyolipomas; 
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however, in a lesion without macroscopic fat, this finding raises suspi- 
cion for clear cell renal cell carcinoma, which was surgically 
confirmed 


.31 Adrenal adenoma. Axial T1 in-phase (a) and out-of-phase (b) images demonstrate signal dropout of a right adrenal nodule (arrows) on 


out-of-phase imaging, confirming the presence of intracellular lipid and the diagnosis of an adrenal adenoma 


ureteral stone on MRI is often made based on secondary 
findings, such as perirenal edema, ureteral dilatation, and 
perirenal fluid (Fig. 2.33) [88-90]. The role of MRI in blad- 
der disease is not well established, although MRI has been 
used to detect tumors within diverticula, characterize intra- 
vesical pheochromocytoma, detect urachal tumors, and stage 
bladder cancer [107]. 


Prostate 


MRI of the prostate offers accurate detection and local staging 
of prostate cancer. The advent of high-strength (3 Tesla) mag- 
netic fields and endorectal surface coils has led to signal-to- 
noise ratio increases, providing higher resolution imaging of 
the prostatic surface and internal anatomy. A complete MRI 


exam of the prostate should include conventional T1- and 
T2-weighted spin-echo sequences, DWI imaging with correla- 
tive ADC maps, and dynamic contrast sequences. Prostate can- 
cer typically appears as a region of hypointense T2 signal. The 
majority of cancers is located in the normally T2-hyperintense 
peripheral zone and often demonstrates diffusion restriction. 
Approximately 30% of cancers occur in the central zone. 
Detection of these cancers may be more problematic due to the 
frequent presence of hyperplasia, resulting in a background of 
heterogeneous T2 signal and enhancement. 

DWI now plays an important role in prostate cancer 
detection [108-110]. The use of ultrahigh B values (1000 
or greater) may increase sensitivity and specificity for lesion 
detection (Fig. 2.34) [111]. 

Contrast-enhanced imaging is typically performed with 
repeated ultrafast acquisitions after contrast injection, which 
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| Congenital duplicated renal collecting system with obstruc- 
tion. Coronal (a) and sagittal (b) heavily T2-weighted images from an 
MR urogram demonstrate a right duplex collecting system with obstruc- 


provide high temporal resolution and the ability to assess con- 
trast enhancement as a function of time. Prostate cancer gen- 
erally demonstrates earlier and higher peak enhancement and 
early washout as compared to normal prostatic tissue [111]. 
MR spectroscopy is a technique which can separate out 
compounds in tissue based on their Larmor frequency (see 
discussion above). Citrate is found in relatively high con- 
centrations in normal prostate and decreased amounts in 
prostate cancer (and other conditions such as prostatitis and 
hemorrhage). Choline can be detected on MRI spectroscopy 
as an aggregate peak of choline-containing cell membrane 
compounds. Choline is found in high amounts in prostate 
cancer due to rapid cell membrane turnover and relatively 
increased cell surface ratio. Increased choline concentration 


tion of the upper pole collecting moiety (orange arrow) and ectopic 
insertion of the ureter draining the upper pole (green arrow) 


is the hallmark of prostate cancer, although it can be found in 
benign conditions such as prostatitis [111]. 

MRI is the most accurate imaging modality for differen- 
tiating between organ-confined (T1 or T2) and extracapsular 
(T3) disease, although there are a wide range of sensitivities 
and specificities reported in the literature [111]. 

MRI is also playing a larger role in obtaining tissue diag- 
nosis of prostate cancer. MR images can be co-registered 
with real-time ultrasound (US) imaging (MRI/US fusion 
biopsy), providing a target for US-guided biopsy. This has 
been shown to increase cancer detection rates compared 
with traditional transrectal US-guided biopsy, which is typi- 
cally performed in blind fashion, by obtaining 12 core sam- 
ples, without direct visualization of a target lesion. MRI/US 
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Fig. 2.33 Obstructing right ureteral calculus in a pregnant patient. 
Axial (a) and sagittal (b) T2-weighted images demonstrate mild right 
hydronephrosis (orange arrow) and hydroureter (green arrow) second- 
ary to a low-signal distal right ureteral calculus (blue arrow). A gravid 
uterus is noted. In hydronephrosis of pregnancy, the ureter usually 
shows gradual tapering at the level of the pelvic brim, as opposed to this 
example, where the ureter remains dilated down to the ureterovesical 
junction 


fusion biopsy appears to be especially suited for patients 
with high suspicion for prostate cancer and negative tran- 
srectal US-guided biopsy [112]. 


Scrotum 


Ultrasound is the primary imaging modality for the evalua- 
tion of the scrotum and testicles. MRI evaluation of the scro- 


tum is limited by long examination times and lack of 
portability, and availability, especially after hours. On MR, 
normal testes have homogeneous intermediate intensity on 
T1-weighted images and high signal on T2-weighted images. 
The testicles are surrounded by the fibrous tunica albuginea, 
which is low in signal intensity on T2-weighted images. The 
role of MRI in imaging the scrotum often revolves around 
adding additional information in cases where ultrasound 
findings are equivocal. For example, MRI can help define the 
pattern of injury in the setting of testicular trauma. An area of 
heterogeneous signal intensity on T2-weighted images 
should raise the possibility of testicular injury. Disruption in 
the normal low-signal tunica albuginea is diagnostic of tes- 
ticular rupture; therefore, the tunica should be carefully 
assessed in all 3 planes [25, 113]. Another emerging applica- 
tion for scrotal MRI is in the differentiation of segmental 
testicular infarction versus small neoplasm. An avascular 
area on contrast-enhanced images with an enhancing rim is 
typically seen with infarction [25, 114]. Although not typi- 
cally used in diagnosing and staging testicular cancer, MRI 
has been shown to be quite sensitive and specific in detecting 
testicular tumors, differentiating benign from malignant 
lesions (Fig. 2.35), and diagnosing local invasion [115]. 


Penis 


Ultrasound is the primary modality in the evaluation of 
penile disease; however, MRI does have a role in the evalua- 
tion of blunt penile trauma. MR is able to depict the fascial 
layers of the penis in exquisite detail, demonstrating the 
presence and site of disruption of the normal low-signal 
tunica albuginea surrounding the corpus cavernosa (see 
Fig. 2.36), and directing surgical repair [25, 116—118]. Other 
potential applications of MRI in evaluating penile disease 
include cancer staging, mass characterization, detection of 
plaques in Peyronie’s disease, and localization of periure- 
thral abscesses [25, 118]. 


Female Urethra 


MRI plays a significant role in the diagnosis of urethral and 
periurethral disease in women, particularly in the evaluation 
of ureteral diverticula. The examination can be performed 
with a torso phased-array coil or an endoluminal coil (endo- 
vaginal, endorectal, endourethral) to improve resolution and 
signal-to-noise ratio. Normally, on T2-weighted images, the 
urethral mucosa and muscle are hypointense, while the sub- 
mucosa is hyperintense. A urethral diverticulum can be iden- 
tified as single or multiple, unilocular, or multilocular on 
T2-weighted images. Circumferential involvement of the 
urethra, in a “saddlebag” configuration, is a common appear- 
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Fi Prostate cancer. b2000 diffusion-weighted image (a) and 
corresponding ADC map (b) demonstrate a large region of diffusion 
restriction within the peripheral zone of the prostate on the right, mani- 


ance of a urethral diverticulum (Fig. ). Postcontrast 
administration aids in detection of diverticular inflammation 
or adenocarcinoma, depicted as a small enhancing soft tissue 
mass within the diverticulum. MRI is more sensitive than 
urethrography and urethroscopy for diagnosis of urethral 
diverticulum and is indicated when clinical suspicion is 
strong and other modalities are inconclusive [119]. 


Pelvic Floor Dysfunction 


No single imaging technique serves as the reference standard 
for the evaluation of pelvic floor dysfunction, a debilitating 
condition referring to functional disorders that result from 
the impairment of ligaments, fasciae, and muscles that sup- 
port the pelvic floor. While dynamic cystoproctography con- 
tinues to be widely used for the evaluation of pelvic 
dysfunction, MR defecography has shown to have numerous 
advantages. MR defecography provides a noninvasive evalu- 
ation of the pelvic compartments in all three planes, has high 
temporal and spatial resolution, lacks radiation, and can pro- 
vide detailed anatomic information of muscles, ligaments, 
and sphincters. The examination involves dynamic, real-time 
evaluation of the pelvic organs while at rest and while per- 
forming strain and defecation maneuvers after the adminis- 
tration of rectal gel. 

While MR defecography is usually performed to evalu- 
ate posterior pelvic compartment dysfunction, studies have 


fested by high signal on the diffusion image and low signal on the ADC 
map. Such markedly restricted diffusion is a highly suspicious finding 
for malignancy 


shown this examination to increase detection of prolapse 
in the anterior and middle compartments as well, due to 
maximal stress imposed upon the pelvic floor and complete 
relaxation of the levator ani during defecation. The pubococ- 
cygeal line (PCL) is the reference line most commonly used 
for measuring pelvic organ prolapse. A perpendicular dis- 
tance is measured from the reference point to the PCL during 
rest and maximal strain, which is commonly during evacu- 
ation or defecation. In the anterior compartment, this refer- 
ence point is the most posterior and inferior aspect of the 
bladder base. The severity of descent or cystocele is graded 
by the “rule of three,’ in that descent of the bladder base 
below the PCL less than or equal to 3 cm is mild, 3—6 cm is 
moderate, and greater than 6 cm is severe. A severe cystocele 
may result in kinking at the urethrovesical junction, resulting 
in an obstruction to voiding. Urethral hypermobility refers to 
rotation of the urethral axis into the horizontal plane during 
strain or defecation and infers a loss of urethral sphincter 
and fascial support, requiring correction with a pubocervical 
sling procedure (Fig. ) [120]. 


PET-CT Applications in the Urinary Tract 


Kidneys 


Fluorine 18 (‘8F) fluorodeoxyglucose (FDG) PET/CT (PET/ 
CT) is an important imaging modality with widespread use 


Fig. 2.35 Epididymal head cyst and dilatation of the rete testes. 
Sagittal T2-weighted (a) and axial Tl-weighted gadolinium-enhanced 
images (b) demonstrate a large mass (arrowheads) above the right tes- 
ticle (T in b). This is uniformly hyperintense on the T2-weighted and 
does not enhance, compatible with an epididymal head cyst. The patient 
had been referred to MRI for the evaluation of an indeterminate testicu- 
lar lesion seen on ultrasound. The lesion (arrows) is bright on the 
T2-weighted sequence (a) and does not enhance (b), findings compati- 
ble with a benign lesion, most likely dilatation of the rete testes 


in the field of oncology for tumor extent, staging, response to 
treatment, and detection of recurrent and metastatic disease. 
Anatomic coverage routinely includes the head, neck, and 
torso in a single examination, therefore providing whole- 
body evaluation for extent of disease. 

PET/CT is a combined anatomic and functional examina- 
tion; FDG is taken up by cells in proportion to the amount of 
glucose metabolism utilized by the cell. Glucose metabolism 
is often disproportionately high in cancer cells compared to 
noncancerous cells due to increased glycolysis (Warburg 
physiology). An unenhanced CT scan is obtained concur- 


2 Imaging the Urinary Tract: Fundamentals of Ultrasound, Computed Tomography, and Magnetic Resonance Imaging 49 


ig Penile injury. Coronal (a) and sagittal (b) T2-weighted, fat- 
saturated MRI sequences demonstrate a mixed-signal collection infe- 
rior to the penile shaft (orange arrow ina, purple arrow in b) compatible 
with a hematoma. The low-signal tunica albuginea is well visualized 
and is intact (red arrow in a). green arrow in b 


rently for improved anatomic detail, and more precise local- 
ization of abnormalities than can be provided by standalone 
PET, which by itself is limited by poor spatial resolution. 
The images from the two studies are combined to create a 
fusion image, in which the signal from the '"F-FDG uptake 
(usually in color) is overlaid on the CT scan. 

Renal cell carcinoma (RCC) evaluation on PET/CT is 
fundamentally limited because of intense physiologic activ- 
ity from FDG tracer excretion by kidneys, which can easily 
obscure FDG uptake in a parenchymal lesion. Additionally, 
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RCC is not a typical “Warburg physiology” tumor, which 
results in variable and sometimes low FDG uptake (Fig. ). 
The literature concerning the performance of PET/CT for 
detection of RCC is heterogeneous; however, based on cur- 
rent evidence, PET-CT does not offer an significant advan- 
tage in RCC diagnosis compared with the current standard 
of care, which is contrast-enhanced CT, and has a low nega- 
tive predictive value for cancer detection [121, ]. FDG 


PET is not recommended for use in diagnosis of RCC in the 

professional practice guidelines of the American Urologic 

Association or the European Association of Urology [121]. 
PET-CT does, however, play an important role in staging 


(Fig. 


10) and surveillance of renal cell carcinoma, includ- 


Fig. 2.37 Urethral diverticulum. Axial T2-weighted image through the 
perineum demonstrates a urethral diverticulum with bilateral outpouch- 
ings from the urethra, a commonly seen “saddlebag” appearance 


Fig. 2.38 Sagittal balanced gradient-echo images obtained (a) at rest 
and (b) during maximal strain demonstrate the bladder to be in normal 
position at rest (black arrows, a) and development of a large cystocele 
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ing postoperative restaging, and response to newer targeted 
therapies, such as tyrosine kinase inhibitors. PET/CT can 
detect metastases to subcentimeter lymph nodes, which 
would be considered nonspecific on CT and MRI [122], and 
is superior to bone scan in the detection of bone metastases 
from renal cell carcinoma, which are often purely lytic and 
may not show increased activity on bone scan [122, 123]. 


Prostate Cancer Recurrence 


While multiparametric MRI is the imaging modality of 
choice in the T staging of prostate cancer, the evaluation of 


Fig. 2.39 Axial fused image from 18F-FDG PET/CT scan shows an 
exophytic left renal mass (arrows) with weak 18F-FDG uptake, similar 
to that of the renal parenchyma. If not for its exophytic location, this 
mass would probably have been obscured by physiologic tracer uptake 
in the kidney 


(black arrows, b) during strain. During strain the urethra has tilted hori- 
zontally (white arrow, b) which infers loss of sphincter and ligamen- 
tous support 
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Fig. 2.40 Axial (a) and coronal (b) images from 18F-FDG PET/CT 
scan shows a large left renal mass (white arrows) with intense 18F-FDG 
tracer uptake in the tumor periphery and absence of uptake centrally 


the location and extent of disease recurrence are limited by 
conventional imaging techniques, thereby complicating fur- 
ther management. There is no consensus regarding the size 
of the pelvic radiation field in the setting of recurrent disease, 
and the presence of extrapelvic disease excludes patients 
from salvage radiation therapy. Therefore, the accurate iden- 
tification of the extent of pelvic disease and the presence of 
extrapelvic metastatic disease are of utmost importance in 
treatment planning [124]. 

Prior to 2016, only In-111 capromab pendetide and 
C-11 choline were FDA-approved for molecular imaging 
in the setting of biochemical recurrence of prostate cancer. 
Fluorine-18 fluciclovine (FACBC) or Axumin® was devel- 
oped to address the limitations of conventional imaging 
techniques and was approved in May of 2016 as the only 
F-18-based radiotracer approved by the US Food and Drug 
Administration (FDA) for molecular imaging in patients 
suspected of having recurrent prostate cancer (Fig. 2.41). 
Axumin® was found to be superior to In-111 capromab pen- 
detide and C-11 choline in the detection of recurrent prostate 
cancer and is a radiolabeled amino acid analog that takes 
advantage of the upregulation of amino acid transport in 
prostate cancer cells [124]. 

Studies performed at Emory University and the University 
of Bologna demonstrated that the sensitivity of Axumin® 
increased with increasing PSA levels, with an 80% negative 
predictive value at PSA levels less than or equal to 1.05, a 


due to tumor necrosis. There is widespread hypermetabolic retroperito- 
neal lymphadenopathy (black arrows) representing metastatic disease 


positive predictive value of 88% at PSA levels greater than 
1.05 and less than or equal to 3.98, and at or near 100% sen- 
sitivity and specificity at PSA levels greater than 3.98 [124— 
126]. Demonstrating the importance of Axumin® in the 
setting of biochemical recurrence is the phase I FALCON 
trial in which Axumin® scan led to significant changes in the 
treatment plan for 52 men [124, 127]. 

Ga-68 prostate-specific membrane antigen (PSMA) 11 
is another emerging PET imaging agent. In a 2018 study 
by Calais et al, PSMA 11 facilitated identification of posi- 
tive imaging findings in 132 out of 270 patients suspected 
of biochemical recurrence after radical prostatectomy, 
all with a PSA less than Ing/ml [128]. These findings 
are significant given that the positive predictive value of 
Axumin® is only 27% at PSA values less than or equal 
to 1.05 [124-126]. Despite the promising nature of this 
imaging agent, PSMA 11 is not currently FDA-approved, 
and limited data exist directly comparing Axumin® with 
PSMA 11 [124]. 

While Axumin® is not currently approved for use in the 
initial diagnosis of prostate cancer, it demonstrates superior- 
ity over CT and MRI alone in the diagnosis of early or dis- 
tant nodal disease at the time of diagnosis. This information 
is highly relevant to clinicians, potentially enabling more 
accurate triage of patients for surgical and radiation therapy. 
Axumin® therefore may have a larger role to play in primary 
prostate cancer staging in the near future [124]. 
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Fig. 2.41 Prostate cancer recurrence on Axumin® PET-MRI. 63-year- 
old male with biochemical recurrence following radical prostatectomy. 
(a) Axial large FOV T1 postcontrast MRI image demonstrates a nodular 
focus of enhancement in the right prostatectomy bed. (b) Axumin® 
PET image at same level demonstrates increased uptake with SUV of 
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Vascular access is a core element of many interventional pro- 
cedures and is the conduit through which intravascular treat- 
ment, devices, and therapies are delivered in a minimally 
invasive fashion. The foundational components of obtaining 
successful vascular access cross over into many other percu- 
taneous procedures that an interventionalist would need to be 
comfortable and familiar with in order to provide safe and 
effective patient care. This chapter will discuss the general 
principles of vascular access including vessel selection, tech- 
niques for visualizing and evaluating vessels under ultra- 
sound, general steps in obtaining vascular access, and the 
more detailed nuances of accessing specific arteries and 
veins. It will also include details pertaining to radial artery 
access, which has been gaining significant momentum over 
the past several years. Additional discussion will include the 
use of closure devices, benefits and risks of each mode of 
access, and how to recognize and prevent complications 
associated with vascular access. 


Vessel Selection 


The first step before beginning any case that requires vascu- 
lar access is to determine the optimal vessel for access. 
Vessel choice requires determination of patency, anatomy, 
available equipment, and the procedure to be performed. The 
majority of vessel evaluation can be performed utilizing 
ultrasound (US). 

The temporal and spatial resolution of ultrasound (US) 
makes it ideal for vessel selection, interrogation, and access. 
US is recommended for every vascular puncture because of 
its wide availability. Studies have confirmed that the regular 
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use of US is associated with lower rates of complications [1, 
2]. The US transducer can be handled by the operator at the 
same time they access the vessel in order to ensure inadver- 
tent injury to structures in the proximity of their target vessel 
does not occur. It takes skill and practice in order to wield the 
transducer while obtaining access, but the benefits of US are 
numerous with no added risk. 

Ultrasound transducer selection should take into consid- 
eration the frequency and shape of the device. Almost all 
vascular access will utilize a linear-array transducer. Linear 
transducers allow for higher frequency and higher resolu- 
tion, which is ideal for superficial structures. If the targeted 
vessel is deep, a curvilinear transducer with a lower fre- 
quency will allow for higher penetration and better visualiza- 
tion. US consists of many modalities but the most relevant to 
vascular access are gray-scale, color Doppler, and pulse 
Doppler [3]. 

Grayscale is the standard image that an ultrasound 
machine formulates. Color Doppler imaging is used to 
detect blood flow in vessels. Flow toward the transducer is 
red by convention whereas flow away from the transducer is 
blue. The flow can help aid in determining whether a vessel 
is arterial or venous in cases where the gray-scale imaging 
characteristics of the vessel are unclear. If there is any doubt 
once the direction of flow is established, consider using 
pulse Doppler to see the waveform of the flow within the 
vessel. Arteries should have high velocity flow and veins 
should have low resistance, low velocity flow with a gradual 
upstroke. 

Ultrasound also allows for the assessment of venous 
thrombosis as well as arterial atherosclerosis. If a vessel is 
occluded by clot or plaque, it may not be amenable to access. 
Deep venous thrombus will usually expand the lumen of the 
vessel and cause it to lose its compressibility. A partially 
thrombosed vein will be partially compressible, whereas a 
completely thrombosed vein will not be compressible at all. 
Even if a vein is patent, respiratory variation should be 
observed as the lack of this finding can give a clue as to 
whether a more central venous obstruction may be encoun- 
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tered. Significant arterial atherosclerosis, which will appear 
as echogenic and partially shadowing, may make access dif- 
ficult and should prompt consideration of alternative sites of 
access [3, 4]. 

Once the access vessel selection has been determined, the 
patient should be prepped, draped, and the procedure can 
begin. Access consists of several steps that are fairly stan- 
dard regardless of which vessel is being targeted: 


1. Infiltrate the skin with local anesthesia at the needle 
access site and along the expected trajectory of the 
needle. 

2. Perform a dermatotomy with an 11-blade (note that der- 
matotomy is not performed in radial access). 

3. Use a clamp to open the dermatotomy — this is important 
to reduce the trauma associated with sheath placement. 

4. Under real-time ultrasound guidance, advance a sharp 
beveled needle into the selected vessel (21-gauge needle 
with echogenic tip is preferred). 

5. Once the tip of the needle is visualized within the vessel 
lumen, ensure flow is produced through the hub visually. 
In cases where flow is not seen, consider aspirating with 
an empty small syringe. 

6. Insert a 0.018 wire into the needle and advance it into the 
vessel lumen. Ensure the wire passes without much resis- 
tance before moving forward. 

7. Remove the access needle using the push—pull technique 
and advance a sheath over the wire while holding pres- 
sure over the site. 


When accessing a vessel, one can use either an in-plane or 
out-of-plane approach to visualize the vessel and the needle 
entering the vessel. The in-plane approach (Fig. 3.1) consists 
of entering the needle parallel to the long axis of the probe. 
This means that the entirety of the needle is visualized from 


Fig. 3.1 In-plane approach to access the internal jugular vein 
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the access site all the way to the target vessel. This can help 
reduce unintended injury to adjacent structures, though it 
does require great precision. In contrast, the out-of-plane 
approach is where the needle is advanced perpendicular to 
the long-axis of the probe. In this view, only the leading tip 
of the needle will be visualized under ultrasound. Each of 
these approaches is appropriate and the use of one over the 
other depends on both the patient’s inherent anatomy as well 
as operator’s experience and comfort. 

Achieving the clearest ultrasound image is a vital compo- 
nent to successful and safe access. There are many tech- 
niques and tips that practitioners use in order to improve 
visualization during US-guided needle advancement. 
Needles perpendicular to the US beam can be seen easier 
than those that are parallel, meaning that an out-of-plane 
approach may allow for easier needle visualization. The US 
probe should be moved slowly and rocked back and forth as 
opposed to using large sweeping motions in order to find the 
best plane for needle visualization. 

Certain maneuvers can be performed to help aid in nee- 
dle visualization. For example, the beveled edge of the nee- 
dle is often seen more easily than the shaft as it is more 
echogenic. The needle can be gently rotated to take advan- 
tage of the bevel’s irregular surface shape that results in 
increased echogenicity. The needle can also be jiggled back 
and forth in order to detect the movement on US to help aid 
visualization [5]. Beyond these options, consider injecting 
some anesthetic to see the dissection of tissue planes under 
ultrasound to get an idea of where the needle tip may be 
located. In some instances, a larger gauge needle or differ- 
ent needle design may help. Consider increasing the gain, 
altering the field of view and depth, and changing the focus 
on the ultrasound machine itself in order to optimize 
visualization. 


Common Femoral Artery Access 
Background and Access 


Common femoral artery (CFA) access is widely used due to 
its relative ease, familiarity, and the ability to perform a wide 
range of procedures from the access site. These procedures 
include but are not limited to embolization for acute bleed- 
ing, delivery of chemotherapy and radiotherapy, uterine and 
prostatic artery embolization, aortic aneurysm repair, and 
thrombectomy and thrombolysis for stroke. Nearly all arte- 
rial interventions can be performed from a CFA approach 
(Fig. 3.2). 

The common femoral artery has a wide spot anterior to the 
femoral head. It is located within the femoral triangle, which 
is bound superiorly by the inguinal ligament, laterally by the 
Sartorius muscle, and inferiorly by the adductor longus mus- 
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Fig. 3.2 In-plane approach to access the common femoral artery 
where it is superimposed over the femoral head 


cle. The CFA typically measures between 7.5 mm and 
10.5 mm in diameter, varying with age and body characteris- 
tics, and bifurcates into the deep femoral and superficial fem- 
oral arteries [6]. The inguinal ligament is the landmark that 
differentiates between the retroperitoneal external iliac artery 
from the CFA. This is an important landmark to be aware of 
because access above the inguinal ligament could render the 
patient at risk for developing a retroperitoneal hematoma. 
Puncturing too high can also result in difficult arterial com- 
pression. In contrast, puncturing below the femoral head 
places the patient at risk to bleed into the thigh [7]. These two 
compartments have the potential to expand innocuously, lead- 
ing to bleeding that may be difficult to detect until the patient 
begins to experience significant adverse effects. 

In order to avoid the above complications, the common 
femoral artery should be accessed where it is superimposed 
over the femoral head. The femoral head helps to ease ade- 
quate manual arterial-pressure compression to achieve 
hemostasis. Finding this spot can be done utilizing ultra- 
sound alone; however, fluoroscopy is often used for confir- 
mation. Fluoroscopy is especially helpful in identifying the 
femoral head in patients that are obese or for those in whom 
their pulses are difficult to palpate [1]. Proper localization of 
the optimal entry point can be done through placing a radi- 
opaque object, such as a metal clamp, over the inferomedial 
border of the femoral head under fluoroscopy. This site can 
then be marked on the skin. US is subsequently used to visu- 
alize the CFA [7]. It is important to pick an angle where the 
entry point into the artery itself corresponds to the skin mark- 
ing — the marking only demarcates where the femoral artery 
is situated over the femoral head, but depending on the cho- 
sen angle of entry, one could miss the ideal access location if 
the needle enters the skin at the superficial marking [8, 9]. 
Both anterograde and retrograde access can be performed 
depending on the type of intervention. 
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Hemostasis 


Achieving hemostasis after common femoral artery access 
can be performed through multiple means including manual 
compression, closure devices, and compression devices [10]. 

Manual compression has been shown to have high rates of 
success and low rates of major access site complications. In 
general, major complications have been reported to occur in 
approximately 2% of cases [11]. In order to successfully 
achieve hemostasis through manual compression, 15-25 min- 
utes of firm, nonocclusive pressure should be applied over 
the femoral artery overlying the site of the needle entry into 
the vessel. Once hemostasis is achieved, the area should be 
inspected for the development of a pseudoaneurysm or 
hematoma [12]. A palpable pulse should be appreciated dur- 
ing the time that manual compression is applied to reduce the 
risk of occlusive pressure leading to thrombosis. Manual 
compression still does ultimately rely on the patient’s intrin- 
sic clotting cascade to form thrombus at the puncture site 
even if an appropriate amount of pressure is applied for a 
sufficient time interval. 

There are several drawbacks to performing manual com- 
pression. Manual compression requires a time investment by 
the primary operator or assistant performing the compres- 
sion. Hemostasis is ideally achieved in the angiography 
suite; therefore, this also increases the time that the suite is 
occupied and increases turnover time [13]. Even after hemo- 
stasis is confirmed, the patient needs to recover for hours 
(often 4) and be monitored by nursing staff. The accessed 
extremity must be kept straight for several hours after the 
procedure, which leads to patient discomfort associated with 
restrictions on their ability to ambulate, void, and comfort- 
ably position themselves. 

Due to the drawbacks of manual compression, numerous 
closure devices have been developed to minimize time to 
hemostasis. Closure devices operate through a variety of 
means, including deploying a collagen plug to promote 
coagulation, providing suture closure, among others. Some 
literature supports the use of closure devices to decrease 
access site bleeding complications, time to discharge, and 
overall cost; though large meta-analyses have not yet sup- 
ported these conclusions [14, 15]. The operator should be 
trained on how the closure device deploys to prevent device- 
associated complications. Even in scenarios where the device 
is handled properly, closure devices are still at risk of being 
malpositioned, failing to deploy, embolizing, causing occlu- 
sion of the access artery, and acting as a nidus for infection 
[16, 17]. Specific benefits pertaining to the use of closure 
devices includes accomplishing hemostasis in critically ill 
patients who require therapeutic levels of anticoagulation 
and have inhibited intrinsic coagulation pathways, arterial 
interventions requiring a 7 French sheath or greater, and 
obese patients with a large pannus. Contraindications include 
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small (<0.5 cm) vessel size (as is true for all closure devices), 
large arteriotomies unless a pre-close technique is performed, 
severe atherosclerosis, need for repeat arterial access, and an 
allergy to the device components [18]. 


Benefits 


The common femoral artery has predictable anatomy, can be 
easily visualized under ultrasound, and serves as a means of 
access for almost every procedure that an interventionalist 
would need to perform. It is for these reasons that it remains 
the most common arterial access site. Accessing the CFA 
over the femoral head allows for successful manual compres- 
sion and is a location where if bleeding were to occur, it 
could be quickly recognized and hemostasis can be readily 
achieved [7]. There are few structures in the path of the CFA 
that would be susceptible to injury while obtaining access. In 
addition, and perhaps most importantly, almost every patient 
is a candidate for CFA access. 


Contraindications, Risks, and Drawbacks 


The risks of accessing the common femoral artery apply to 
nearly every other vascular access including therapeutic anti- 
coagulation without the ability for reversal, thrombocytope- 
nia, and extensive atherosclerosis at the access site. However, 
there are several access-related complications that are unique 
to CFA. 

The common femoral artery is particularly prone to the 
development of pseudoaneurysms (Fig. 3.3) and arteriove- 
nous fistulas (Fig. 3.4). Typically, this is more related to a 
less than ideal access site (too high/too low) or inadvertent 
injury to nearby structures such as passing through the com- 
mon femoral vein during access [19]. One should ensure that 
the needle enters the vessel over the femoral head and that 
the entire course of the needle can be visualized while access 
is being achieved in order to significantly reduce and essen- 
tially eliminate the risks of these complications. 

As mentioned in the above sections, if the artery is 
accessed above the inguinal ligament, a retroperitoneal 
hematoma can develop [7]. Thigh hematomas can develop if 
inadequate hemostasis is achieved if access is too low. In 
some cases, thromboembolic events can occur leading to 
limb ischemia. Make sure a thorough vascular examination 
is performed prior to femoral artery access and document 
posterior tibial and dorsalis pedis pulses prior to and after the 
procedure to account for any changes. 

Common femoral artery access requires the patient to 
recover for several hours with the accessed extremity straight. 
The inability to ambulate is a source of discomfort for many 
patients. The increased recovery time utilizes staff and 
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Right GROIN Sag 


Fig. 3.3 Pseudoaneurysm arising from the common femoral artery 
with the classic “yin-yang sign” 
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Fig. 3.4 Right groin arteriovenous fistula between the common femo- 
ral artery and the common femoral vein. Doppler waveform demon- 
strates high velocity, turbulent flow between the artery and vein 


resources, contributing to an increase in overall turnover 
time. These can be in part alleviated through the use of clo- 
sure devices, but ultimately the recovery time after CFA 
access will be at least 2 hours and as many as 6 hours [20]. 


Radial Artery Access 
History and Patient Selection 


Lucien Campeau first described radial artery catheterization in 
1989 for percutaneous coronary angiography [21]. This access 
initially was a nice alternative in certain patient populations 
where femoral artery access was difficult, but lately has 
become the preferred mode of access at certain institutions 
and for certain procedures and situations. It is most widely 
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used for percutaneous coronary artery interventions, in which 
16% of such procedures were completed using radial access 
up from just 1.2% in 2007 [10]. However, radial artery access 
can, similar to common femoral artery access, also be used for 
the delivery of localized chemotherapy, radioembolization, 
uterine and prostatic artery embolization, acute embolization 
for life-threatening hemorrhage, among others. 

Not every patient is a candidate for radial artery access. 
Other than contraindications that apply to all vascular access 
discussed above, two specific conditions need to be met 
before safely obtaining radial artery access. The first is that 
the patient needs to have adequate perfusion to the hand in 
the event that if the radial artery were inadvertently injured, 
their hand would still be adequately perfused. The second is 
that the radial artery needs to be a certain size to accommo- 
date the sheaths used for many procedures [22]. 

The hand is perfused by a dual blood supply via the radial 
and ulnar arteries. These two arteries form a complete col- 
lateral pathway via the deep and superficial palmar arches. In 
certain patients, the dominant and potentially only supply to 
this pathway is via the radial artery. In these cases, accessing 
the radial artery could put the patient at significant risk for 
hand ischemia perioperatively and postoperatively [20]. 
Traditionally, the modified Allen test was performed to 
ensure adequate perfusion to the hand. The modified Allen 
test consists of applying pressure to both the radial and ulnar 
artery at the same time until the hand turns a bluish hue. The 
ulnar artery pressure is then released and if the hand achieves 
a normal tone after 5—9 seconds, it implies that the ulnar 
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artery supplies adequate flow to the hand and thus radial can- 
nulation would not significantly impact perfusion. 
Unfortunately, the subjective nature of the test lends it at risk 
of many false positives and negatives [23]. Thus, the Barbeau 
test is preferred. 

The Barbeau test has been shown to be more accurate and 
sensitive than the modified Allen test and is the preferred test 
for determining the perfusion pattern to the hand [22]. In 
order to perform the test, first a pulse oximeter is attached to 
the ipsilateral thumb to get a baseline waveform. Occlusion 
pressure is then applied to the radial artery only. The opera- 
tor should then observe for changes to the amplitude of the 
pulse oximetry waveform. The degree of the waveform alter- 
ation is assigned to a grading system that ranges from A to D 
[20]. Each of these scores has important clinical information, 
as described below (Fig. 3.5). 

Once the perfusion pattern to the hand is determined, the 
size of the radial artery needs to be measured using ultra- 
sound. The radial artery should measure greater than 2 mm. 
Smaller radial arteries will not only be more technically dif- 
ficult to access, but also are at risk of injury if sheaths larger 
than the radial artery itself are placed [24]. Sheath size is 
graded in French (mm x x), and approximately 3 French cor- 
responds to 1 mm; therefore, if a radial artery measures 
2 mm, the maximum sheath size it could accommodate with- 
out causing any stretching injury is 6 French in outer diam- 
eter. Please note that sheath sizes indicate the inner diameter; 
therefore, a 6 French sheath often has an outer diameter 
closer to 7—8 French [20]. 
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Fig. 3.5 Displaying characteristic Barbeau wave forms and pertinent clinical information 
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Positioning 
Positioning the arm during radial artery access procedures 
can be done in a variety of different ways to optimize acces- 
sibility for the physician. One such option is to place the arm 
between 75° and 90° relative to the fluoroscopy table and 
place the length of the operator table such that it is contigu- 
ous with the arm to maximum operator surface area and 
make wire and catheter manipulation smoother [10]. Another 
is to keep the arm by the side of the patient such that radial 
artery access is similar in terms of orientation to the more 
commonly used femoral artery approach. Placing the arm by 
the patient’s side has the added benefit of making it easier to 
set up cone beam CT in cases where it may be required. In 
rare cases, patients have been positioned prone due to excru- 
ciating back pain in the supine position [10, 25]. Arm boards 
should be used to help with arm positioning in any scenario. 
Once the arm position is established, the wrist should be 
prepared. A towel roll or other support device should be 
placed underneath the wrist to keep it hyperextended. 
Further, there are multiple radiation safety arm boards that 
can be utilized. A pulse oximeter should remain on the 
patient’s access side thumb or forefinger through the entirety 
of the procedure to ensure adequate perfusion is maintained. 
The site should be cleansed and prepared in the usual sterile 
fashion and a drape can be placed such that only the radial 
artery access site is exposed [10, 25]. 


Access and Sheath Placement 
Prior to access, many physicians prefer to place a paste con- 
sisting of nitroglycerin and local anesthetic to the wrist to 
both maximally dilate the artery and minimize pain during 
access. Several studies have shown the efficacy of this tech- 
nique [26]. Recently, one randomized double-blind placebo 
control study quantified the increase in cross-sectional area 
of the radial artery of 16 + 4.2% [27]. Another randomized 
study also found that injection of nitroglycerin next to the 
artery significantly increased artery diameter, palpability of 
the pulse, and ease of access [28]. Once the wrist is prepared, 
a small volume of local anesthetic is given subcutaneously 
and access into the radial artery is obtained under ultrasound 
guidance using a short 21-gauge needle with an echogenic 
tip. Typically, access can be achieved more easily using an 
out-of-plane approach. Once the needle tip is visualized 
within the vessel lumen, pulsatile blood flow should be pro- 
duced through the needle hub. At this point, a 0.018 inch 
floppy-tip wire is then advanced into the radial artery. This 
wire should advance without any resistance. If one does 
encounter resistance, the wire should be removed and a 
repeat attempt may be required [10]. Fluoroscopy in con- 
junction with contrast injections can be used to aid access in 
certain cases [20]. 

Once the wire advances smoothly and access is con- 
firmed, exchange is made for a hydrophilic sheath. 
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Hydrophilic sheaths should be tapered such that they can be 
placed directly over a 0.018 floppy-tip wire without a nick in 
the skin. The sheath is the access through which other cath- 
eters and wires will be placed. Hydrophilic sheaths have 
been shown to decrease pain, vasospasm, and radial artery 
occlusion [29]. Immediately following sheath placement, a 
cocktail of antithrombotic and antispasmodic medications is 
delivered through the sheath to help maintain radial artery 
patency. There are multiple recommended medication cock- 
tails, for example our cocktail consists of approximately 
3000 units of heparin, 200 micrograms of nitroglycerin, and 
2.5 milligrams of verapamil. This solution has a total volume 
of approximately 5 milliliters. The solution is drawn into a 
20 mL syringe and blood is drawn back into the cocktail 
syringe to hemodilute the medication mixture [10]. 
Hemodilution helps to alleviate the burning sensation that 
patients often experience as these medications are given. 
Verapamil, which is the main cause of the burning, is not 
universally used. Once given, the sheath should then be con- 
tinuously flushed. 


Hemostasis 

Once the procedure is complete, the sheath can be removed 
and nonocclusive hemostasis should be applied to the radial 
artery. Nonocclusive “patent” hemostasis has been shown to 
result in higher maintained radial artery patency [15]. A 
radial artery compression device is often used to achieve 
nonocclusive hemostasis such that only enough pressure is 
applied to occlude the arteriotomy but not the radial artery. 
The compression device should be placed directly over the 
radial artery where the sheath resides (1-2 mm above skin 
puncture), and typically the commercially available bands 
have a marker that denotes where the inflation component is 
located. Once the band is properly positioned, it is inflated 
with 15-20 cc of air until no bleeding is observed from the 
arteriotomy/sheath. Now you can remove the sheath. The 
band can be slowly deflated to determine what the minimal 
pressure that is required to achieve hemostasis. As soon as a 
flash of blood is seen, it should be reinflated with min of two 
cc to achieve hemostasis and the total volume should be doc- 
umented. Overall, the compression band is slowly deflated 
for a set time depending on the institutional protocol 
(typically the band will remain inflated for 1.5 hours before 
deflation and removal attempted). If bleeding is observed, 
the band is again reinflated 2 cc for another 20 minutes and 
the process of slowly releasing air from the band repeats 
[30]. If no bleeding is observed, a dressing is applied and no 
further pressure over the arteriotomy is required. 


Benefits 

Radial artery access has several unique benefits that are espe- 
cially appealing to patients. In patients who undergo radial 
artery access, the recovery time is shortened, and the patient 
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is able to ambulate almost immediately to use the restroom 
or simply get comfortable and walk around. Radial access 
has been associated with shorter recovery times and a total 
reduction to procedural cost when compared with femoral 
artery access [31, 32]. Radial access has also been shown to 
have a shorter time to hemostasis and in general lower access 
site complication rates when compared with other access 
locations [32]. The superficial position and location of the 
radial artery along the radial shaft helps lend it to easier 
detection of any bleeding complications with easily achiev- 
able hemostasis [33-35]. For percutaneous coronary inter- 
vention in cardiology, radial access has been shown to have 
decreased morbidity when compared with a common femo- 
ral artery approach [19, 36-38]. 


Contraindications, Risks, and Drawbacks 

The two main contraindications to radial artery access 
include a Barbeau D waveform and a radial artery diameter 
of less than 0.2 cm [22]. One other consideration includes 
expected dialysis dependency as the radial artery may be 
used for fistula creation in the future. The main risks that are 
associated with radial artery access also apply to other access 
sites: localized hematoma, radial artery dissection and 
thrombosis, and pseudoaneurysm formation. One unique 
risk pertaining to radial artery access is stroke; the aortic 
arch is manipulated and it is possible that atherosclerotic 
plaque can dislodge and travel through the internal carotids 
leading to an embolic stroke [16, 17]. Care should be taken 
when navigating down the thoracic aorta and as with all 
other access, ensure that no air or particles are introduced 
into the system. The extent of atherosclerotic plaque in the 
arch should be accounted for on a patient-by-patient basis 
when determining whether radial artery access or alternative 
access sites should be considered. 

One particular drawback is that longer catheters are often 
required for cases via radial artery access. Stocking catheters 
that are an appropriate length may be difficult, especially at 
institutions that have a lower interventional case volume. 
Longer catheters can also be more difficult to manipulate in 
certain instances, as it is difficult to exert torque across a greater 
length. To counteract this, manufacturers have been developing 
catheters with different braiding and structural integrity to ease 
manipulation for radial artery access cases [39]. 


Venous Access 

Background, Anatomy, and Access 

Many interventions require access into the venous system 
including but not limited to varicocele embolization, filter 


deployment to protect against pulmonary arterial thrombo- 
embolism, and central venous catheters and ports. The same 
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general principles of arterial access apply to venous access 
with specific differences pertaining to venous anatomy, ves- 
sel selection, and vessel evaluation [20]. 

Veins are thin-walled and constitute a lower pressure sys- 
tem than their arterial counterparts making palpation incred- 
ibly difficult or even infeasible. Depending on the patient’s 
hemodynamics, veins may not be significant distended, which 
could make access more challenging. Even when the needle 
is confirmed to be within the venous lumen on ultrasound, an 
operator still may not see any backflow into the hub of the 
needle to add to their confidence of successful access [40]. 
These reasons, among others, render venous access to be 
more challenging than arterial access; however, maneuvers 
can often be performed to overcome these challenges. 

Veins are typically situated next to their arterial counter- 
parts. Since veins cannot be palpated, ultrasound should 
always be used to ensure entry into the lumen and prevent 
injury to neighboring vital structures [40]. There are several 
imaging characteristics of veins on ultrasound that can be 
used to differentiate them from arteries. Veins typically have 
thin walls, valves, and are compressible. Color Doppler can 
be used to determine the direction of flow within the vessel, 
with central flow being more characteristic of veins. If pulse 
Doppler is used, the waveform will typically be low resis- 
tance, low velocity with a gradual upstroke, and appreciable 
cardiac and/or respiratory variation [41]. 

If the patient is intravascularly volume depleted, intrave- 
nous fluids can be administered, and the patient can be posi- 
tioned in such a way that blood pools within the access vein 
to cause distension. When advancing the needle into the ves- 
sel, a syringe with negative pressure can be placed on the hub 
and the drawing of blood into the syringe can help confirm 
placement [20]. Placing a tourniquet around the patient’s 
arm would help distend the vessels if upper extremity access 
is desired. Patients can also be instructed to perform the 
Valsalva maneuver to increase intrathoracic pressure, result- 
ing in an increase in peripheral venous pressure and thus 
venous distension [42]. 

The size of the vein should be considered prior to access. 
Similar to radial artery access, if a certain sheath is going to 
be used, the venous diameter should be large enough to 
accommodate the sheath diameter; though, veins in general 
are more compliant so this is not as much of an issue. The 
vein should be at least partially patent. Venous access in the 
case of deep venous thrombosis may be more technically dif- 
ficult and may be contraindicated in certain situations. If the 
clot is acute and fills the entire lumen, access may result in 
dislodging the clot and ultimately central propagation of 
thrombus can lead to a pulmonary embolus or stroke in cases 
of a right-to-left shunt [43]. If the thrombus is chronic, the 
flow through the vein may not be sufficient and passing a 
wire may not be feasible. Alternative sites for venous access 
should be considered in certain situations. 
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The general principles of venous access are similar to 
those of arterial access as outlined below. The ultrasound 
probe orientation depends on the patient’s anatomy and the 
vessel to be accessed. Either in-plane or out-of-plane 
approaches can be used. For the in-plane approach, the ultra- 
sound probe should be oriented in such a way that the entirety 
of the needle is visualized as it enters the vessel to ensure no 
adjacent structures are compromised. The out-of-plane 
approach is especially useful in cases of vascular access 
where no vital superficial structures are present and the vein 
is situated deeper, such as in the case of the common femoral 
vein. As mentioned in the introduction, the out-of-plane 
approach constitutes entering the vessel while sweeping the 
ultrasound transducer in order to visualize the tip of the nee- 
dle [3]. 

Steps to achieve successful access: 


. Visualize the vein and confirm patency under ultrasound. 

. Infiltrate the access site and tract with local anesthesia. 

. Perform a dermatotomy with blunt soft tissue dissection. 

. Advance the needle under real-time ultrasound guidance. 

. Once the needle abuts the vein, make a swift yet precise 

and delicate forward motion to pierce the wall of the vein 
and enter the lumen. 

6. Once blood return and access are confirmed, insert a 
floppy-tip wire into the needle and advance into the 
venous lumen. Ensure no resistance is encountered before 
moving to the next step. 

7. Remove the needle using the pin—pull technique. 

8. Advance a sheath or catheter over the wire. 
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Jugular Vein Access 

The internal jugular vein serves as the main drainage path- 
way from the brain, face, and neck. It resides in the carotid 
sheath and runs alongside the carotid artery and vagus nerve. 
The internal jugular vein is typically located lateral to the 
common carotid artery. The sternocleidomastoid muscle 
overlaps the internal jugular vein superficially and covers the 
vein as it passes underneath the clavicle. Ultimately, the 
internal jugular vein drains into the brachiocephalic vein and 
into the superior vena cava [44]. 

The external jugular vein can also be accessed in certain 
circumstances. This structure acts as the venous drainage 
pathway for the deep structures of the face and scalp. It runs 
in a vertical orientation down the neck along a trajectory 
from the angle of the mandible to the middle third of the 
clavicle superficially. The external jugular vein drains into 
the subclavian vein, which drains into the brachiocephalic 
vein and superior vena cava. The jugular vein runs through 
the posterior triangle of the neck, which is defined by the 
sternocleidomastoid muscle, the trapezius muscle, and the 
clavicle [44]. 
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Available imaging should be reviewed prior to jugular 
venous access to identify any potential pitfalls that may be 
encountered. It is perhaps the most popular vascular access 
site and commonly used to place central venous catheters for 
the purposes of dialysis, intravenous medications, and fluid 
resuscitation. Patients who have had many central venous 
catheters via a jugular approach can develop some scarring 
and fibrosis of the jugular vein, brachiocephalic vein, and 
upper superior vena cava that may make repeat access diffi- 
cult [45]. If this is suspected based on prior imaging, the 
external jugular vein can be accessed, contralateral side be 
used, or femoral vein access can be performed. 

Patients should be placed supine on the table with their 
head turned away from the side being accessed. Trendelenburg 
positioning should be used when possible, to help distend the 
vein. The jugular vein should be scanned to check for any 
venous thrombosis or stenosis. After patency is confirmed 
under ultrasound, the site is prepared, and local anesthetic is 
given. Effort should be made to avoid passing the needle 
through the sternocleidomastoid as this would cause signifi- 
cant discomfort for the patient. It is also imperative to iden- 
tify the common carotid artery and ensure that the tip of the 
needle is visualized at all times to avoid inadvertent injury. 
Once the needle tip is visualized within the venous lumen, a 
floppy tip wire is advanced and the needle is exchanged for 
the vascular sheath [4, 20]. 

If a central venous catheter is being placed, a 0.035” wire 
should be advanced into the sheath and into the inferior vena 
cava. This wire will act as a rail for the exchange of dilators 
and ultimately the central venous catheter itself. Advancing a 
wire into the inferior vena cava helps to ensure that it will 
remain in place and any dilator passed over the wire will not 
travel in unintended directions, causing significant harm to 
adjacent structures along its path such as the superior vena 
cava or the right atrium. It also serves to confirm access to 
the venous and not arterial system. In some patients, advanc- 
ing the wire down through the right atrium and into the infe- 
rior vena cava can be difficult. A helpful maneuver to aid 
advancing the wire includes instructing the patient to take a 
deep breath, which helps straighten the orientation of the 
right atrium. If fluoroscopy is not available, monitoring the 
patient’s rhythm should be done to check for any premature 
ventricular contractions. If these are encountered, then the 
wire is stimulating the wall of the right ventricle and should 
be pulled back and a repeat attempt should be made to place 
it into the IVC [20, 43]. 

Beyond central venous catheter placement, the jugular 
vein can also be used for the placement of an IVC filter, to 
access the hepatic veins to perform a liver biopsy, obtain por- 
tal venous pressures, place a transjugular intrahepatic porto- 
systemic shunt (TIPS), and perform adrenal venous sampling. 
It is also a potential access site for varicocele embolization in 
patients with a right-sided varicocele [46]. 


3 Guide to Vascular Access: Femoral, Radial, and Venous Access 


When the procedure is completed, hemostasis can be 
performed with manual compression. Since the venous sys- 
tem is low pressure, manual compression should suffice to 
achieve successful hemostasis. The patient should sit 
upright for several hours after the procedure to further 
decrease the venous pressure and prevent rebleeding. The 
amount of time varies per institution depending on the spe- 
cifics of the case [30]. 


Common Femoral Vein Access 


The common femoral vein (CFV) is formed by the conflu- 
ence of the superficial femoral vein (a continuation of the 
popliteal vein) and the deep femoral vein. The great saphe- 
nous vein drains into the CFV near the inguinal ligament. 
Superior to the inguinal ligament, the CFV continues into the 
external iliac vein, which combines with the internal iliac 
vein to form the common iliac vein, ultimately draining into 
the inferior vena cava [44, 47]. 

The principles of access that pertain to the jugular vein 
also apply to the common femoral vein. Many of the same 
procedures can also be performed via CFV access; though, 
there are some procedures that are more commonly per- 
formed via CFV access such as thrombolysis and thrombec- 
tomy for extensive iliocaval or iliofemoral thrombosis and 
retrograde transvenous gastric varix obliteration, balloon 
occluded retrograde transvenous obliteration (BRTO). In 
particular, varicocele embolization is most often performed 
through CFV access. Most varicoceles are left-sided, and 
access into the right CFV allows for easier catheter and wire 
manipulation into the left spermatic vein. 

Hemostasis after common femoral vein access should 
also be performed through manual compression. The 
patient’s accessed extremity should be kept straight for a 
couple hours, varying according to the institution [48]. 


Complications of Venous Access 


Several specific complications pertain to venous access. 
The main complications to be aware of are accidental arte- 
rial puncture or injury, air embolism, catheter malposition, 
pneumothorax, and hemothorax [43]. Pneumothorax and 
hemothorax are significant risks in cases where the subcla- 
vian or lower jugular veins are directly punctured. Air 
embolism can occur when the patient inspires while any 
large bore needles, catheters, or introducers are uncovered 
(such as in the case of a broken seal of a peel-away sheath). 
If the patient has a sudden drop in their oxygen saturation 
and an air embolism is suspected, they should be immedi- 
ately placed in the left lateral decubitus position to keep 
the air in the right atrium and a catheter should be used to 
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attempt aspiration of the air from the central venous sys- 
tem [43]. 

Vascular access is a core component of the vast majority 
of procedures that an interventionalist performs. The tech- 
niques, maneuvers, knowledge, and tips provided in this 
chapter are essential to accomplish safe vascular access, 
whether it be via a venous, arterial, femoral, or radial 
approach. 
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AR Augmented reality 

CAD Computer-aided diagnosis 

CT Computed tomography 

DOF Degrees of freedom 

EM Electromagnetic 
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HIFU High-intensity focused ultrasound 
IGS Image-guided surgery 

IRE Irreversible electroporation 
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Imaging has long played a vital role in the management of 
urologic diseases, providing information not available 
through physical examination. Initially being a purely diag- 
nostic modality with individual interpretations obtained 
through separate and isolated modalities (X-ray, ultrasound, 
CT, MRI), it has grown to include investigations with 
computer-assisted detection and diagnosis applied to both 
isolated and combined imaging modalities [1-3]. Progress in 
technology and improvement in imaging techniques have 
evolved to encompass therapeutic roles. 


History 


In 1895, Wilhelm Roentgen demonstrated that X-ray images 
(radiographs) could portray the internal architecture of the 
human body [4]. The medical uses of radiography proceeded 
promptly, and within 2 weeks, a physician used imaging of a 
patient’s hand and was able to remove an embedded needle 
thus performing the first image-guided procedure in history 
[4, 5]. Whether identifying a foreign body or a tumor, image- 
guided surgery (IGS) has the unique ability to guide the sur- 
geon, to a specific location within the body, without direct 
visualization, using an approach through the least traumatic 
path [4]. In 1906, Horsley and Clarke developed the Cartesian 
coordinate system forming the basis for stereotaxic proce- 
dures, the next important advance in IGS [6, 7]. Utilized first 
in neurosurgery, each stereotactic procedure required a refer- 
ence frame to be constructed. These various three- 
dimensional (3D) frames, affixed to the skull, acted as an 
external coordinate system allowing the surgeon to approach 
internal structures. Internal structures were mapped and their 
coordinates allocated by X-ray images of the skull with the 
spatial reference frame. The lack of a mechanism for real- 
time instrument tracking required fixation and precision of 
the reference frame during the operation [4]. A specific limi- 
tation of X-ray imaging was the lack of 3D information that 
resulted in the estimate of depth to be pure guesswork. The 
advent of tomographic studies, with their ability to provide 
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3D information, facilitated the use of spatial information for 
cognitive guidance [8]. The development of real-time track- 
ing capabilities using ultrasound, computed tomography 
(CT), or MR is able to visualize the location of an instrument 
or anatomical structure within the physical space [8]. This 
parallel registration of spaces (physical with image) is criti- 
cal for the placement of an instrument for biopsy or treat- 
ment. Unlike the frame-based stereotaxic system, the 
location of an instrument or anatomical structure in the phys- 
ical space could be located in real time in the image space 
[8]. The effectiveness of registration of the physical space 
with the image space has advanced rapidly, especially in 
fields with rigid landmarks, such as neurosurgery and ortho- 
pedics. The use of image guidance for abdominal and pelvic 
organs without rigid structures for orientation has taken lon- 
ger to develop. Although various techniques for accessing 
the prostate have been developed, for instance, transperineal 
and transrectal approaches, the position of the prostate may 
be significantly altered by posture, respiration, and/or blad- 
der fullness [8]. The necessity for real-time imaging is para- 
mount. Transrectal ultrasound was introduced in the 1950s. 
In its infancy, it was used sparingly for the next three decades 
but eventually found to be of utility in the diagnosis of 
patients with prostate cancer with the introduction of the 
spring-loaded biopsy needle and needle guide. Transrectal 
ultrasound (TRUS)-guided prostate biopsy allowed an 
opportunity for urologists to incorporate TRUS into daily 
practice [9]. TRUS-guided prostate biopsies were a sign of 
significant improvement over the previously utilized digi- 
tally guided transrectal or transperineal biopsies [10-12]. 
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An ultrasound-guided prostate biopsy is one of the earli- 
est urologic image-guided procedures and remains in place 
today as one of the most commonly performed. The incor- 
poration of advanced imaging techniques, such as magnetic 
resonance and ultrasound (MR/US) fusion technology has 
refined targeting, improving diagnostic accuracy and effi- 
ciency. The MR/US fusion method allows suspicious 
lesions seen only on MRI to be mapped onto the real-time 
TRUS image, thus permitting targeted biopsies with track- 
ing of the needle (Fig. 4.1) [13]. Adding novel imaging 
techniques such as prostate-specific membrane antigen 
(PSMA)-PET for fusion biopsies is a potential next step in 
the advancement of image-guided biopsy [13, 14]. The use 
of PSMA as a label for suspicious lesions relies on the 
increased expression of this antigen on cancerous com- 
pared with benign prostatic cell membranes [15, 16]. Gaš- 
PSMA PET scanning assists providers in detecting 
metastatic disease or recurrence following treatment, and 
its use for enhancement of biopsy targets is being explored 
[16, 17]. The addition of these technologies to a standard 
TRUS biopsy is an area of active research in an effort to 
optimize the information gathered in a single biopsy 
encounter [18-24]. 

Throughout the modern era, the technological and proce- 
dural innovations in imaging have aided in the diagnosis and 
treatment of patients. The following is a discussion of the 
current state of the art, regarding the techniques in imaging 
and their applications in urologic interventions, with special 
attention to registration, image fusion, and tracking includ- 
ing diagnostic and therapeutic implementation. 


Fig. 4.1 (a) T2-weighted imaging, (b) ADC map from diffusion- 
weighted imaging, (c) dynamic contrast enhancement MRI demonstrat- 
ing early and avid gadolinium enhancement, and (d) spectroscopic 


imaging depicting a right mid-base peripheral zone lesion (arrow). 
(Adapted from George et al. [13] with permission CC-BY 3.0) 
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Fig. 4.1 (continued) 


Basics 
Visualization and Application 


Ultrasound (US) is ubiquitous in urologic practice. The gen- 
eration of an US image relies on the ability of an ultrasound 
transducer to convert electrical energy into high-frequency 
sound waves via the vibration of piezoelectric crystals con- 
tained within the transducer. These sound waves travel 
through the body, reflecting off of tissue boundaries based on 
the changes in density of the structures encountered. The 
reflected waves are sent back to the transducer, which con- 
verts the signal back into electrical energy to form an image. 
The advantages of ultrasound include its noninvasive nature, 
lack of harmful radiation exposure, ability to provide real- 
time imaging, low-cost, wide availability, and relative ease 
of use. However, ultrasound is limited by variability in oper- 
ator skill, low ability to assess structures that are deep to low- 
density areas (i.e., gas), and patient body habitus, as increased 
distance to targets results in a lower resolution image. 
Computerized tomography (CT) is an imaging modality 
first developed in the 1970s as an extension of conventional 
X-rays. By obtaining images via X-rays directed from 360 
degrees of rotation through the body, it creates serial slices 
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that provide high-resolution images of cross-sectional anat- 
omy. These slices may then be stacked together by software 
that allows the construction of a three-dimensional image. 
Due to its rapid ability to obtain excellent anatomic informa- 
tion, it is foundational to the diagnosis and follow-up of 
many clinical conditions. CT also has the ability to demon- 
strate the location of surgical instruments in relation to tissue 
structures, allowing it, for example, to guide providers per- 
forming percutaneous interventions with increased accuracy 
[25]. The advantages of CT include rapid image acquisition, 
a wide field of view, high resolution to detect subtle differ- 
ences, and relative operator independence. Disadvantages 
include exposure to harmful ionizing radiation and contrast 
agents. 

Positron emission tomography (PET) is a nuclear medi- 
cine technique that is able to discern the location and anat- 
omy of tissues that have differential uptake of a radioactive 
tracer. The tracer is made of a radioisotope that is coupled to 
a carrier molecule, which may be altered depending on the 
characteristics of the target tissue. The carrier molecule is 
taken up or bound by the specific tissues under study within 
the body, which allows for preferential localization of the 
radioisotope. The radioisotope emits positrons at this loca- 
tion, and the interaction of these positrons with local elec- 
trons emits photons which can be detected by the PET 
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scanner. This information is used to create three-dimensional 
images that localize the functional process under study to a 
specific anatomic location within the body. One commonly 
used carrier molecule is fluorodeoxyglucose (FDG), a glu- 
cose analog that is transported into cells analogous to the 
movement of glucose, but FDG cannot enter glycolysis. By 
radiolabeling FDG, PET scans are able to localize areas of 
increased glucose uptake which reflect tissues with increased 
metabolic activity, including those containing actively divid- 
ing cancer cells. A number of other agents have demonstrated 
efficacy as carrier molecules specific to prostatic tissue for 
the detection of metastatic and recurrent prostate cancer. 
Specifically, fluciclovine, choline, sodium fluoride, and mul- 
tiple PSMA carrier agents allow providers to localize pros- 
tatic tissue in the setting of biochemical recurrence at PSA 
levels lower than those detected by conventional imaging 
[26]. These molecules take advantage of increased amino 
acid uptake (fluciclovine), altered substrate metabolism 
(choline), changes in bone physiology at metastatic sites 
(sodium fluoride), and increased transmembrane protein 
expression (PSMA) by prostate cancer cells to identify both 
local and metastatic disease [27]. 

Fluoroscopy is a “real-time” imaging method that obtains 
serial, low-intensity X-rays of a tissue target over a short 
period of time. This allows the viewer to track tissue 
movement, response to treatment, and provides an accurate 
localization of body structures even during subtle move- 
ments like respiration. It may be used in both diagnosis and 
during image-guided therapies [28]. Administration of intra- 
vascular contrast takes advantage of serial imaging to map 
vascular anatomy, areas of blood extravasation, and response 
to treatment over time. This unique aspect facilitates targeted 
drug delivery and angioembolization by allowing viewers to 
outline the vascular supply to tissues of interest. 

Magnetic resonance imaging (MRI) is conducted using 
strong magnetic fields to polarize protons contained within 
tissue. After polarizing and aligning the protons with the 
magnetic field, directed radiofrequency pulses are sent 
through the tissues, which alters the alignment of these 
protons compared with their prior orientation. When this 
transient this pulse ceases, the protons are able to again 
become aligned with the magnetic fields, resulting in the 
release of electromagnetic energy. The waves emitted from 
this procedure differ in intensity based upon different pro- 
ton densities and the local chemical environments within 
tissues. These signals are detected and localized based on 
varying the magnetic fields used in the scanner, and their 
combined output allows for the construction of 3D images. 
By using both anatomical and functional MRI data, vari- 
ous tissue systems can be evaluated to yield high-quality 
diagnostic information. Advantages of MRI include excel- 
lent visualization of soft tissues and lack of exposure to 
harmful ionizing radiation. Relatively slow image acquisi- 
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tion and its contraindication in those with certain iatro- 
genic implants limits its clinical use. The addition of 
functional sequences including diffusion-weighted imag- 
ing and dynamic contrast enhancement has revolutionized 
its role in the diagnosis of multiple malignancies including 
prostate cancer [13]. 


Three-Dimensional Image Visualization 


Typical radiographic imaging, X-ray, US, or fluoroscopy, is 
seen in the original plane as a two-dimensional (2D) image. 
More advanced imaging, CT, PET, and MRI, is computer 
processed allowing rendering in multiple planes. The multi- 
planar reconstruction (MPR) technique allows new images 
to be reformatted from their original plane (mostly axial) in 
coronal, sagittal, or oblique planes utilizing the pixel data 
acquired from the stack of planar images. MPR aids in visu- 
alization of anatomy by providing the perspective of struc- 
tures within the entire volume that may not be readily 
apparent from base images. However, quality of MPR is 
dependent on base image acquisition and quality. The vari- 
ous approaches for 3D visualization and analysis of imaging 
datasets are subsequently described. 

Surface rendering, or shaded surface display (SSD), oper- 
ates on the assumption that a structure or organ can be dis- 
played based on the surface estimated from an image (volume 
dataset) [29]. The surface is initially determined by segmen- 
tation which is accomplished by thresholding, or assigning 
each voxel intensity within the dataset to be within a prede- 
termined attenuation range. Attenuation ranges correspond- 
ing to specific tissue types (i.e., bone, soft tissue, etc.) are 
designated, and if the attenuation of a voxel falls within that 
range, the voxel is designated as belonging to that tissue 
type. Surface contours are then derived from boundaries 
between voxels that correspond to different tissue types. 
These contours are modeled as overlapping polygons, to rep- 
resent the 3D object. SSD allows for swift image rendering; 
however, only a small portion of the dataset is employed, and 
it may be of limited utility where a discrete interface or 
boundary is not readily apparent [30]. 

Maximum intensity projection (MIP) rendering appraises 
each voxel along a continuous line throughout a dataset [31]. 
The maximum value voxel, or volumetric picture element, 
which essentially corresponds to a value on a grid in 3D 
space, is selected and used as the displayed value. Based on 
these displayed voxels, a 3D image is rendered. MIP is most 
commonly used in display and analysis of angiographic 
images and draws from only a small percentage of the entire 
volume dataset for rendering. Its shortcomings include lack 
of depth cues to assess spatial relationships and increased 
background “noise” due to display of only voxels with the 
highest intensity values. 


4 Image Fusion Principles: Theory 


Volume rendering is another technique to visualize a 3D 
image using serial 2D images. This technique utilizes infor- 
mation from throughout the entire volume of an object or 
tissue, instead of only using surface boundaries as done in 
surface rendering. Voxels located at the interface between 
two tissue types will contain attenuations corresponding to 
the two types. In traditional thresholding methods, this 
results in mischaracterization of this boundary as each voxel 
is assigned only one tissue identity in a binary fashion. 
Volume rendering allows a more continuous approach to tis- 
sue classification, and does not require each voxel to fit a 
discrete tissue identification. Rather, attenuation values that 
fall in between specific ranges for different tissue types (i.e., 
between ranges for bone and muscle) can be expressed in the 
voxel as a weighted percentage of each of the corresponding 
tissues. Once each voxel has been assigned these percent- 
ages, the color and opacity of each voxel can be determined 
based on color and opacities assigned to each tissue type. As 
a result, individual voxels have the ability to demonstrate 
transitions between tissue types accurately, with their color 
and opacity representing multiple tissue contributions. Once 
the color and opacity profiles for each voxel are determined, 
software can then form the 3D visualization. Simulated light 
rays are passed through the voxels, and in doing so are modi- 
fied by the color and opacity previously assigned to each 
voxel. These modified rays produce a 3D image that is the 
result of all voxels in the dataset. This process requires con- 
siderable computational power, as every voxel in the dataset 
contributes to the production of the image. However, its 
advantage lies in the ability to characterize the entire volume 
within a 3D object, and the ability to discriminate tissue 
boundaries with fine detail [32, 33]. 


Registration 


The goal of medical image registration is to find the ideal 
transformation that optimally aligns the anatomic structures 
of interest from the acquired image datasets. Correspondence 
is established between features in image datasets using a 
transformational model such that mapping of coordinates 
between these images corresponds to the same anatomical 
point. Registration allows clinicians to integrate information 
from different imaging modalities or time points. The term 
“fusion” refers to the step subsequent to registration that cre- 
ates an integrated display of the data involved. However, it is 
often used to refer to the entire process of co-registration and 
co-display of the registered datasets. Applications of image 
registration are diverse and include surgical guidance, radia- 
tion planning, computer-aided diagnosis, and fusion of ana- 
tomic and functional imaging [34-37]. 

Image registration was first accomplished by physicians 
using “cognitive registration,” referring to the basic interpre- 
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tations of imaging data and applying it to physical space 
based on cognitive estimations. Rapid technologic progress 
and research in the field has harnessed increased computa- 
tional power to employ complex algorithms to deliver more 
accurate registration systems. Image registration is accom- 
plished by incorporating information from one imaging 
modality and then applying it to a complementary modality 
and/or physical space to relate contrasting information from 
the different types of images. For example, when a suspi- 
cious lesion is only visualized on multiparametric MR imag- 
ing, MR/transrectal ultrasound fusion-guided biopsy can be 
performed whereby co-registration allows the real-time 
imaging advantage of US and resolution of MR to comple- 
ment each other [13]. 

Current image registration techniques employ a combina- 
tion of software-based algorithms and manual corrections to 
determine the spatial correspondence within 3D space. There 
are a number of algorithms that may be applied for registra- 
tion, the common element being the ability to maximize a 
measure of similarity between a transformed “floating 
image” and a fixed “reference image” [38]. Intrinsic registra- 
tion modalities rely solely on patient-derived imaging data 
and include intensity-based and geometric transformation- 
based models. 

Geometric transformations require segmentation and 
include both landmark-based registration and surface-based 
registration techniques. Geometric transformation takes two 
forms, which are rigid and nonrigid or deformable algo- 
rithms. Rigid body registration is based on the notion that 
one image requires only translation and/or a rotation to 
achieve reasonable correspondence with a similar image, 
without change in the size or shape. Nonrigid or elastic reg- 
istration is the more complex of the two types of transforma- 
tions, where one image is elastically deformed to fit the 
second imaging and is used to describe changes in the shape, 
organ shift, or patient motion. Elastic registration employs a 
landmark-based approach in which corresponding land- 
marks (points, lines, surfaces, volumes) are forced (warped) 
to exactly match the other, potentially resulting in registra- 
tion errors which may be compounded with each additional 
elastic transformation. 


Landmark-Based 


Landmark-based registration identifies corresponding point 
landmarks as fiducial markers that appear in both images that 
are to be aligned [39]. These fiducial markers may be identi- 
fiable anatomical landmarks that remain unchanged such as 
bony points, cysts or calcifications, and the bifurcations of 
vessels. Alternatively, specific geometric features such as 
surface curvatures may be used. Point landmarks can be pins 
or markers attached to the patient’s skin or screwed into the 


72 


bone where anatomy is not well defined. There are advan- 
tages and disadvantages of each using each type. In such 
cases, it is important to ensure that the coordinate of each 
fiducial marker is calculated accurately and that the coordi- 
nate computed in each modality corresponds to the same 
point in physical space so as to minimize fiducial registration 
error (FRE) [40]. 

Ata minimum, three noncollinear points in the 3D space 
are required to determine a transformation between two 
sets of images though intuitively, additional fiducials mini- 
mize registration error [41]. The “centroid” point between 
each corresponding set of coordinates is determined, fol- 
lowed by rotation to diminish the sum of the square dis- 
placements between them. In order to objectively measure 
the validity and accuracy of registration, both FRE and tar- 
get registration error (TRE) are reported. An FRE is the 
distance between selected markers in the 3D datasets being 
registered. FRE does not necessarily represent or guarantee 
accuracy of the registration or the fusion, but a low FRE is 
required for an accurate registration (Fig. 4.2) [38]. 
Accuracy reflects the degree of coincidence of a point of 
interest within the registered images. The difference 
between the point of interest within the image and its actual 
locations is described as the TRE [33]. The reported accu- 
racy of 3D inter-modality registration (CT/MRI, PET/MRI) 
is between | and 3 mm [42-45]. Landmark-based registra- 
tion does often require the user to select the points in each 
image for matching, which can be time-consuming and 
require clinical expertise. However, the landmarks repre- 
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sent a small proportion of the original data, and thus, opti- 
mization can be performed quickly with the need for limited 
computational power. 


Surface-Based 


Surface-based registration involves extraction of common 
features between sets of images, most often surfaces and 
curves. After surfaces are delineated, a transformation is 
computed that aims to minimize the distance between the 
two surfaces. The earliest algorithm, or “head and hat” algo- 
rithm, is a simplified manner in which it performs the regis- 
tration [46, 47]. The surfaces selected in the floating image 
set (“hat”) are registered to the corresponding nearest edges 
in the reference image set (“head”), so as the “hat” is moved/ 
manipulated in a manner that best fits the “head.” Such meth- 
ods are highly dependent on segmentation of surfaces that 
must correspond precisely and therefore necessitate high- 
resolution imaging to be most successful. 

In an effort to overcome these limitations, the iterative 
closest point algorithm was proposed [48]. In the iterative 
closest point algorithm, the surface of one image is rendered 
using geometric primitives which may be facets or triangular 
sets, line segment sets, or parametric curves and surfaces. 
These primitives are then matched to the corresponding 
image, using a modeling equation by iteratively searching 
the closest points to minimize the disparity measure of this 
equation. 


After registration 


Fig. 4.2 Calculation of registration error. The fiducial registration 
error (FRE) is determined by the distance between corresponding fidu- 
cials in the reference dataset (shaded circles) and the floating dataset 
(unshaded circles) after registration is completed. The target registra- 


tion error (TRE) is determined by the distance between the correspond- 
ing anatomical areas of interest in the two datasets (squares) after 
registration is completed. (Adapted from Hutton and Braun [38] with 
permission from Elsevier) 
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Voxel Intensity-Based 


Voxel intensity-based registration aligns images acquired 
from different imaging modalities based on imaging gray 
values, utilizing complementary information regarding simi- 
lar structures without prior reduction as a result of segmenta- 
tion [49]. As the full dataset is used, it requires high 
computational capacity. Paradigms for intensity-based regis- 
tration include cross correlation (of extracted features), prin- 
cipal axes, and minimization of variance of intensity or 
histogram entropy. As intensity ratios between different 
modalities are often poorly correlated, increased interest has 
been given to the minimization of histogram entropy of dif- 
ferent images. Entropy is essentially the probability of differ- 
ence between the images being registered. The use of a 2D 
joint intensity histogram is correlated, point to point, between 
the images and their intensity. Each axis of the histogram 
represents possible gray-scale values in an imaging modal- 
ity, and when images are perfectly aligned, the histogram is 
highly focused. The greater the error or difference in align- 
ment, the greater the dispersion on the histogram [50] 
(Fig. 4.3). 


Tracking (Localizers) 


Tracking refers to the transformation of image, patient, and 
instrument coordinates into a common reference system to 
identify its precise location within a 3D space. The clinical 
application of tracking or surgical navigation transcends 
medical specialties and has been exploited for percutaneous 
needle-based procedures (biopsy, catheter drainage, and 
ablation), endovascular interventions, minimally invasive 
surgical procedures, and even endoscopic procedures such as 
guidance for bronchoscopic biopsy of peripherally located 
lesions [51-53]. 

Optical tracking systems, the first to be widely adopted 
for clinical applications, operate via laser or infrared light 
emitting diodes and are tracked by reflection of light that is 
captured by an infrared camera. Alternatively, diodes placed 
on surgical instruments themselves may transmit signals 
back to a charge-coupled device camera. These systems rep- 
resent the most accurate way of tracking instruments with 
spatial inaccuracy reported to be less than 1-3 mm [54, 55]. 
A major limiting factor in the use of optical tracking systems 
is the requirement of maintaining a “line of sight” (or unim- 
peded pathway) between the optical markers and the tracker 
camera [56]. As such, if an instrument tip is outside of the 
direct field, it is not visualized, but optically tracking the 
back of a rigid instrument allows for compensation by 
extrapolating the tip’s position. However, the line of sight 
requirement precludes the tracking of internal portions of an 
instrument, or if they are flexible or deformable [57]. 
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Mechanical localizers are the earliest iterations that were 
employed for endonasal and neurosurgical therapies [58- 
61]. They consist of hardware with several degrees of free- 
dom with encoders located at each joint, the entire device 
which is solely controlled by the operator. The exact location 
and orientation is calculated based on the feedback from 
geometric models derived from each encoder. These sys- 
tems, though exhibiting a high degree of accuracy, can only 
track one object and may be large and cumbersome for use in 
a small operative field. A benefit of this system is that an 
instrument can be guided by the operator to a desired loca- 
tion within a physical space, fixed in a definite position and 
its location recorded [62]. 

The introduction of electromagnetic (EM) tracking sys- 
tems was a proposed answer to the limitations of prior meth- 
ods [63]. Electromagnetic tracking systems are based on the 
ability to localize a sensor which emits a weak electrical cur- 
rent in a weak pulsed electromagnetic field. An EM field 
generator is placed over the area of interest, creating a weak 
and differential electromagnetic field with a defined volume. 
The electric current emitted by sensor coils from skin fidu- 
cials, attached to or inside of instruments, is detected; and 
the strength of the signal based on its location within the EM 
field is triangulated to define its point in space [64]. Coils 
may be either 5 or 6 DOF (degrees of freedom). A single 5 
DOF coil, though smaller, cannot determine the rotation 
component, which can be overcome by adding two or more 
5 DOF coils, and most systems can track multiple coils 
within the geometry of the EM field. The reported accuracy 
is less than that of optical tracking systems (typi- 
cally ~ 3 mm); however, “line of sight” tracking is not 
required allowing for tracking objects within the body within 
the EM field. Additionally, rapid technologic improvements 
now reportedly provide submillimeter tracking. A number of 
factors contribute to the utility of an individual EM tracking 
system. The refresh rate, working volume created by the field 
generator, and resilience must be considered [65]. A rapid 
refresh rate is needed when quantitative feedback is need 
such as during needle tracking, and images should be updated 
so as to not impede the physician performing the procedure. 
The size of the EM field created by the generator results in a 
fixed, arbitrary working volume in which the sensors must 
operate. As a result, it is imperative that the anatomy of inter- 
est and working area of a procedure be within the field. 
Signal intensity is dependent on proximity from the EM field 
generator; hence, the closer the coil is, the stronger the signal 
that is detected. Ferromagnetic materials from instruments 
and imaging equipment can cause interference resulting in 
distortions that may influence the accuracy of the system [66, 
67]. A resilient system that employs direct current-driven 
tracking can minimize eddy currents created by metallic 
objects close to the operative field, and metal immune sys- 
tems are now available. 
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Joint intensity histogram. Accuracy of voxel intensity-based 
registration can be visually represented by calculating joint entropy 
between the images being registered. When the modalities are similar 
and images are perfectly aligned, the histogram is highly focused. A 


Clinical Applications of Image Guidance 
Augmented Reality 


Augmented reality (AR) for surgical navigation uses a 3D 
image acquired preoperatively, rendering to a 2D live display 
captured intraoperatively. AR allows a surgeon to appreciate 
the objects and anatomical structures in the surgical field that 
are beyond the normal field of view. It can, for example, pro- 
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greater degree of misregistration results in greater dispersion of “blur” 
within the histogram. (Adapted from Hill et al. [50] with permission the 
authors and SPIE Publications) 


vide guidance for surgical resection of tumors deep to the 
visualized surface, or to appreciate vascular anatomy prior to 
being directly encountered [68]. 

In urologic surgery, it has successfully been used to 
assimilate information from imaging and visual information 
from the operative field during laparoscopic partial nephrec- 
tomy, adrenalectomy, and radical prostatectomy [69-71]. 
Image overlay represents a significant advance over the sta- 
tus quo in which imaging data are usually only cognitively 
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registered. In combination with 3D printing techniques, AR 
may provide valuable information regarding surgical plan- 
ning and vascular anatomy not well appreciated on 2D 
images [72]. AR models can be deployed in a variety of ways 
that not only require reliable registration but also tracking to 
ensure accuracy of the simulation. For robotic partial 
nephrectomy, an image-based surface tracking technique has 
been described that provides real-time stereoendoscopic 
visualization of preoperative imaging that obviates the need 
for markers or tracking devices yet accounts for both transla- 
tional and rotational organ motion [73]. Similar approaches 
for robot-assisted radical prostatectomy are recently 
described, where MRI overlays may help guide surgeons in 
nerve-sparing procedures, as well as margin compensation in 
areas suspicious for extracapsular tumor extension [74, 75]. 
Additionally, the use of organ surface implantable navigation 
aids has been described to facilitate registration between 
intraoperative TRUS and the endoscopic image based on 2D 
and 3D point correspondences [76]. This system has been 
demonstrated in vivo successfully, with adequate surgical 
guidance and resection of the prostate and needle navigation 
markers [77]. AR technology is also described as a potential 
tool to guide renal access for percutaneous nephrolithotomy 
(PCNL). In early, ex-vivo studies, there is potential for this 
technology to inform safe placement of PCNL access sites 
localized to the area requiring intervention [78]. 

The significant challenge for AR is to account for organ 
motion or deformation due to respiration or surgical manipu- 
lation [79]. Additional resources are being devoted to these 
questions, specifically how nonrigid registration algorithms 
may be optimized to compensate. Surgeons viewing virtual 
reality models in patients undergoing robotic partial nephrec- 
tomy pre- and intra-operatively demonstrated improvements 
in key surgical outcomes like operative time, clamp time, 
estimated blood loss, and length of stay in one recent study 
[80]. Further work is needed to determine the effect that 
these new technologies have on meaningful clinical out- 
comes and patient safety. This discipline is currently in its 
infancy, and AR techniques have not yet met with the initial 
enthusiasm of other fusion or tracking technologies. 


Targeted Prostate Biopsy 


Over the past 15 years, the design, development, and subse- 
quent approval of fusion-guided prostate biopsy platforms 
have driven adoption and dissemination of this novel appli- 
cation of fusion/tracking technology. The use of fusion dur- 
ing prostate biopsy has allowed urologists to target 
MRI-identified areas suspicious for cancer rather than ran- 
domly sampling the gland. Multiparametric MRI (MP-MRD/ 
US software-based registration platforms involve sending 
detailed information of preprogrammed target areas of inter- 
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est along with the outlined/segmented images of the prostate 
to the fusion software platform. Once within the platform, 
real-time US images are taken and correlated with the previ- 
ous imaging, such that the previous imaging and real-time 
imaging are “fused” and correlate correctly (Fig. 4.4) [81]. 
The role of imaging in the diagnosis, surveillance, and 
management of prostate cancer has advanced substantially. 
The use of MRI for diagnosis of prostate cancer has recently 
challenged the conventional pathway where men with clini- 
cal suspicion of prostate cancer proceed first to TRUS biopsy. 
In patients with suspected prostate cancer, some centers now 
support the use of MP-MRI as a triage test prior to first 
biopsy. The high sensitivity of MP-MRI may allow up to a 
quarter of patients with low-risk MRIs to avoid biopsy, and 
may prevent overdiagnosis of clinically insignificant prostate 
cancer. With this MRI information as a reference, patients 
with high-risk imaging may then undergo targeted biopsy 
[82, 83]. The optimal role of MP-MRI and fusion biopsies in 
diagnostic pathways is an active area of research as the sen- 
sitivity and specificity of prostate imaging becomes more 
clear. Updates to the National Comprehensive Cancer 
Network (NCCN) guidelines now recommend that MP-MRI 
may be considered in men with indications for biopsy to 
reduce the detection of indolent cancer. However, a negative 
MP-MRI does not exclude clinically significant disease, so 
the decision to biopsy should be one based on an individual- 
ized patients’ risk. Also, recent updates to United Kingdom- 
National Institute for Health and Care Excellence (NICE) 
guidelines now recommend the use of MP-MRI as a first-line 
investigation for patients with suspicion of prostate cancer. 
In men who undergo biopsy, MP-MRI TRUS fusion biopsies 
yield higher detection rates of clinically significant prostate 
cancer, allow for easier sampling of smaller prostatic lesions, 
identifying up to two-thirds more patients with clinically sig- 
nificant prostate cancer, and provide more accurate depic- 
tions of tumor volume compared with standard biopsy [21, 
81, 84-86]. In addition, in patients with a history of negative 
biopsy, the addition of MRI fusion biopsy enhances cancer 
detection rate compared with repeated standard or saturation 
biopsies [19]. These data have informed the evolution of the 
European Association of Urology (EAU) guidelines, which 
first recommended MP-MRI after a negative biopsy prior to 
repeat biopsy in 2015. The EAU guidelines were updated in 
2016 to support MP-MRI prior to confirmatory biopsy in 
active surveillance, and again in 2019 to recommend 
MP-MRI prior to obtaining a patient’s first biopsy [87]. The 
most recent 2020 EAU guidelines do not recommend using 
MP-MRI as an initial screening tool, but do recommend per- 
forming MP-MRI prior to a patient’s first biopsy. In these 
guidelines, a patient with a positive MP-MRI undergoes both 
systematic and targeted biopsy. Patients with a negative 
MP-MRI should undergo shared decision-making with the 
incorporation of other risk factors to decide whether or not to 
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Fi „4 MR/US fusion. (a) Axial T2-weighted MRI of the prostate, 
(b) MR/US overlay representing fusion of imaging modalities, and (c) 
US of the prostate in transverse view. When MRI and US are visualized 


biopsy. Suspicious MRI lesions are targeted on fusion biopsy, 
but recent data suggest even with MRI-targetable lesions, 
patients should undergo both systematic and targeted biopsy 
to maximize the chances of detecting a clinically significant 
cancer [88]. 

For patients on active surveillance, progression of the 
patient’s lesion on MRI predicts pathologic progression, and 
those with stable MRI lesions have lower rates of pathologic 


on the same screen, presentation is termed image “co-display.” (Adapted 
from Rothwax et al. [81] with permission CC-BY 3.0) 


progression. Incorporation of surveillance MRI imaging, in 
tandem with fusion biopsies enhances detection of patho- 
logic progression compared with patients monitored without 
this imaging modality [20]. 

In patients with an existing diagnosis of prostate cancer 
who have decided to undergo definitive therapy, MP-MRI 
TRUS fusion biopsies have been shown to aid operative out- 
comes. Understanding the exact location and volume allows 
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the surgeon to make appropriate decisions regarding nerve 
preservation techniques and possible margin approaches [88]. 


Focal Therapy 


Definitive treatment of prostate cancer conventionally involves 
strategies that treat the entire gland (i.e., surgery, radiation), 
and significant morbidity is related to collateral damage of 
structures surrounding the neoplastic focus. Specifically, treat- 
ment toxicity includes urinary incontinence and erectile dys- 
function significantly impacting quality of life measures. 
Focal therapy involves the selective targeting and treatment of 
the index lesion with adequate margins, ideally preserving 
non-involved areas of the prostate to minimize morbidity. 
Candidates for focal therapy thus have low-volume, interme- 
diate risk cancer with amenable size and tumor location. Due 
to the multifocal nature of prostate cancer, patients should be 
carefully selected to avoid undertreatment by focal methods 
that can lead to disease recurrence. A recent consensus state- 
ment on patient selection recommends that MP-MRI, with 
targeted biopsy confirmation of suspicious lesions is neces- 
sary prior to focal therapy [89-91]. In MRI-negative areas, 
systematic biopsy remains necessary to assess for the presence 
of cancer not evident on imaging. 

Treatment techniques include cryotherapy, high-intensity 
focused ultrasound (HIFU), laser ablation, radiofrequency 
ablation, photodynamic therapy, focal brachytherapy, and 
irreversible electroporation (IRE) [91, 92]. The addition of 
MRI-guidance to these methods may assist in the delivery of 
a truly focal therapy. MRI-guided HIFU is one method that 
provides real-time monitoring with accurate readouts of 
localized tissue temperatures to help avoid damage to sur- 
rounding structures [93]. Real-time MRI imaging and its 
fusion with TRUS can assist the delivery of these focal treat- 
ment methods by verifying the target location and placement 
of instruments to minimize nontarget treatments [94, 95]. 
Studies on long-term oncologic outcomes for these methods 
are ongoing, and the cost-effectiveness as well as morbidity 
profiles of each needs to be elucidated with maturing data. 
PSA monitoring for recurrence may also be less reliable in 
these patients, owing to the presence of residual prostatic tis- 
sue. Thus MP-MRI, as well as fusion-targeted biopsy in 
these individuals, has a role in long-term monitoring. 


Computer-Aided Diagnosis 


The goal of computer-aided detection and diagnosis (CAD) 
of urologic disease is to assist providers in the characteriza- 
tion of imaging findings that may be otherwise difficult to 
interpret, and to standardize this process to increase repeat- 
ability. For example, imaging of prostate cancer is most reli- 
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ably done using the combination of multiple MRI sequences 
that each provide unique information about the tissue iden- 
tity of a lesion [1]. The large amount of image data from 
these studies, and interobserver variability presents an oppor- 
tunity to use CAD to enhance interpretation of prostate 
MP-MRI [96]. 

A CAD system described by Giannini, et al. assigns a 
probability of malignancy to each individual voxel, creating 
voxel-wise malignancy probability map of the prostate. The 
addition of this CAD software to MP-MRI reads by experi- 
enced radiologists has been demonstrated to increase sensi- 
tivity for prostate tumors at least 10 mm in size and/or 
Gleason score greater than 6, while significantly reducing 
reporting time [97]. The incorporation of support from CAD 
systems after radiologists read MP-MRIs has shown to 
increase specificity of focal peripheral zone lesions for pros- 
tate cancer, thus allowing improved ability to differentiate 
benign lesions and perhaps avoid unnecessary interventions 
[98]. Recent work has also demonstrated that the addition of 
CAD systems to the existing PI-RADS scoring of MP-MRI 
improves differentiation between indolent and aggressive 
cancers [99]. Computer-aided diagnosis software has been 
shown to significantly improve the ability of less-experienced 
radiologists to distinguish benign from malignant prostatic 
lesions. In this study, less-experienced radiologists using 
CAD were able to achieve similar diagnostic performance to 
more-experienced observers [100]. 

Modern computational methods like deep learning and 
the use of neural networks have the potential to further 
advance this field. Machine learning approaches have also 
incorporated data from MP-MRI parameters to calculate 
cancer probability maps of the prostate, with inputs from 
whole-mount histology slides to instruct the machine learn- 
ing software for decision support programs [101]. To date, 
deep neural networks have been applied in prostate segmen- 
tation on MRI, tracking of biopsy needles on MRI, and pre- 
dicting the presence of prostate cancer without biopsy, with 
promising results [102-104]. The integration of these soft- 
ware with existing methods of reporting is to be further stud- 
ied to define its future role in clinical practice. 


Conclusion 


The integration of imaging into the diagnosis, treatment, and 
surveillance of urologic disorders continues to evolve. A fun- 
damental understanding of the principles upon which these 
new technologies are realized will undoubtedly provide an 
enhanced appreciation of its potential applications. Though 
urology by definition is an interventional surgical subspe- 
cialty, the exploration of more minimally invasive options by 
integration of imaging will enable the field to provide better 
outcomes to our patients. 
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Role of MRI in Prostate Cancer 


Assessment 


Stephanie M. Walker, Sonia Gaur, Baris Turkbey, 


and Peter L. Choyke 


Introduction 


Prostate cancer is the most common solid organ malignancy 
and the second most common cause of cancer-related deaths 
among men in the United States. According to the 
Surveillance, Epidemiology, and End Results (SEER) data- 
base of the National Cancer Institute, approximately 174,650 
men will be newly diagnosed in 2019 and 31,620 will die of 
prostate cancer [1]. Hence, it constitutes a major challenge 
for healthcare systems. Since 1994, when the FDA approved 
screening with serum prostate specific antigen (PSA) in 
combination with digital rectal examination (DRE), there 
has been a dramatic surge in the number of newly diagnosed 
cases, resulting in treatment in the form of surgery or radia- 
tion therapy. However, it has been increasingly recognized 
that not all prostate cancers require treatment. While many 
exhibit aggressive behavior leading to metastatic disease and 
death, even more have an indolent course such that men die 
with prostate cancer but not of prostate cancer. The recogni- 
tion that not all prostate cancers require treatment has been 
revolutionary and has resulted in the increasing use of active 
surveillance rather than active intervention with its attendant 
side effects. However, despite these efforts to reduce the 
impact of overdiagnosis with active surveillance, the use of 
PSA for screening has decreased in the United States after 
recommendations of the US Preventive Services Task Force 
(USPSTF) were reported in 2012, concluding that PSA 
screening was not justified [2, 3]. These findings were, in 
part, based on the results of two large prospective trials, one 
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initiated in the U.S. (PLCO trial) and the other in Europe 
(ERSPC trial). These studies reached different conclusions 
regarding PSA screening with the PLCO trial showing no 
benefit in mortality reduction and the ESRPC trial showing 
only a small reduction in mortality in the screened arm [4, 5]. 
The PLCO trial has been criticized for allowing patients in 
the control arm to have intermittent PSA testing. Close to 
90% of the control group’s patients had PSA testing done, 
thus bringing into question the evidence upon which the 
U.S. Preventive Services Task Force recommendations were 
initially made [6]. The degree of contamination in the ERSPC 
trial has also been questioned, although it is undoubtedly 
less. Given the slow growing nature of most prostate cancers, 
even one or two PSA tests during the study could have 
negated any benefits of PSA screening. Thus, there is reason 
to question the prudence of the USPSTF decision. Many 
observers believe this decision will need to be reversed as the 
percentage of men with advanced or metastatic disease at 
presentation increases, as has been suggested in some recent 
studies [7]. The USPTF has recently given a higher rating to 
PSA testing, recognizing that it should be individualized. 
Meanwhile, European authorities continue to mainly endorse 
PSA screening. 

Although overdiagnosis and overtreatment have received 
more attention during this controversy, somewhat neglected 
is the considerable amount of underdiagnosis of potentially 
lethal prostate cancer due to misses on systematic biopsies. 
The current standard of care in men suspected of having 
prostate cancer, based on elevated PSA and/or suspicious 
DRE, is a systematic 10-12 core biopsy (extended sextant 
biopsy) of the prostate usually obtained via transrectal ultra- 
sound (TRUS) guidance in the United States. However, sys- 
tematic biopsies of the prostate often miss or undergrade 
tumors in up to 36% of cases, when compared to prostatec- 
tomy specimens [8]. Despite the fact that these random biop- 
sies are obtained with TRUS, ultrasound is generally 
insensitive to the detection of small tumors, and therefore, 
biopsy needles are not necessarily directed into suspicious 
areas but rather are deployed in a symmetric pattern that does 
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not take into consideration the location of the tumor. As 
many as 25—40% of tumors show an isoechoic pattern on 
TRUS and are not visible unless they reach a larger size. 
Such errors can lead to missed diagnosis and delayed ther- 
apy. Thus, the current methods of PSA screening and ran- 
dom biopsy lead to underdiagnosis of clinically significant 
tumors. 

The key to resolving both the overdiagnosis and the 
underdiagnosis lies in improving the ability to detect prostate 
cancer and to provide a risk evaluation. Clinical risk evalua- 
tion can be based on known risk factors such as age, PSA, 
and digital rectal exam status. These have been codified in 
several well-known nomograms. However, these nomograms 
also have several well-known problems. First, they provide 
no information regarding tumor location and therefore do not 
aid directly in guiding the biopsy. Moreover, they only pro- 
vide a group risk estimate and do not individualize a particu- 
lar patient’s risk [9]. Several novel biomarkers have been 
introduced to improve individual risk assessment. For 
instance, the FDA approved the PCA3 and ProPSA assays in 
2012. Although these improve on the accuracy and specific- 
ity of PSA with regard to predicting tumor aggressiveness 
and prognostic features, their eventual role in clinical routine 
is unclear, given the inability to localize tumors [10]. In order 
to both localize and stratify prostate cancer, magnetic reso- 
nance imaging (MRI) with image-guided biopsy has been 
introduced. A variety of alternative imaging methods includ- 
ing sonoelastography, histoscanning, and contrast-enhanced 
ultrasound (CEUS) have also been introduced, but they have 
not performed as well as MRI. 

MRI of the prostate and MRI-guided biopsy of the pros- 
tate were first described in the late 1980s [11]. In the early 
days of MRI, it was used strictly as a staging tool for biopsy 
proven prostate cancers prior to surgery. It proved to have 
limited utility for staging. It was not until the late 1990s that 
the potential of MRI to localize tumors within the prostate 
was recognized. In the last decade, MRI has evolved to 
include a combination of anatomical and functional MR 
sequences, creating the so-called multiparametric MRI 
(mpMRI). When used in combination with TRUS for MRI 
fusion-guided targeted biopsies, this method has shown 
higher detection of clinically significant cancers and reduced 
detection of clinically insignificant cancers in patients after a 
prior negative systematic TRUS-guided biopsy [12, 13]. 
These promising results have led to increased application of 
mpMRI in the management of patients suspected of prostate 
cancer after negative systematic biopsies and in defining can- 
didates for active surveillance. 

The use of mpMRI has evolved rapidly in recent years, 
and current treatment guidelines still do not incorporate the 
use of mpMRI. However, more centers are integrating 
mpMRI into their care management workflows. Guidelines 
often lag practice, as a new method is often tested in aca- 
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demic centers before it is recommended for broad use. 
Meanwhile, prior to 2015, mpMRI was performed and 
interpreted in a variety of ways, making it difficult to com- 
pare results. In 2015, the Prostate Imaging Reporting and 
Diagnosis System (PI-RADS) version 2 was published, 
which created standards for the performance and reporting 
of mpMRI. These standards were updated further with the 
release of PI-RADS version 2.1 in 2019. Version 2.1 
included changes aimed at reducing the variability between 
mpMRI readers’ interpretations and increasing reliability 
of the PI-RADS grading system [14]. Artificial intelligence 
(AD, formerly referred to as computer-aided diagnosis 
(CAD), is another exciting tool showing promise in pros- 
tate cancer detection and is currently under development by 
many research groups. Here, we provide an overview of 
prostate mpMRI using PI-RADS version 2.1 nomenclature 
and describe the role of mpMRI in prostate cancer 
assessment. 


MRI Acquisition 


MpMRI consists of a combination of two anatomic sequences 
(T1 and T2 weighted [T1W and T2W]) and two functional 
sequences (diffusion weighted imaging [DWI] and dynamic 
contrast enhanced [DCE-MRI]). MR spectroscopic imaging, 
which had been a part of mpMRI, is no longer included in 
routine protocols as it provided minimal gain in diagnosis 
while requiring specialized expertise and substantial amounts 
of imaging time [15]. As mpMRI has begun to play a larger 
role in local staging, follow-up, and recurrence, emphasis 
has shifted to obtaining better images, with good spatial res- 
olution, temporal resolution, and high signal-to-noise ratio 
[16]. One of the aims of PI-RADS version 2.1 was to estab- 
lish a list of image acquisition specifications in order to 
reduce variability among image quality. In order to reach 
these goals, some key steps such as patient preparation and 
the correct use of proper MRI equipment with optimized 
protocols must be observed. 


Patient Preparation 


There is no consensus regarding patient preparation; how- 
ever, PIRADSv2.1 guidelines define several basic aspects of 
patient preparation. For instance, it is recommended that the 
patient’s most recent PSA, PSA history, digital rectal exam 
findings, biopsy history, and family history are available 
prior to the MRI since this information can be helpful in tai- 
loring the correct protocol. Additionally, labs should be 
drawn to obtain estimated GFR, in order to ensure the safe 
administration of gadolinium-based contrast media during 
the DCE portion of the exam [17]. 


5 Role of MRI in Prostate Cancer Assessment 


Many patients who undergo mpMRI to evaluate prostate 
cancer are also patients who have undergone previous pros- 
tate biopsy. Hemorrhage from such biopsies is a source of 
artifact on MR images [18] and can mimic cancers on T2W 
imaging [19]. Generally, it is advised that mpMRI should be 
delayed at least 6 weeks postbiopsy or as long as it takes for 
residual hemorrhage to resolve. A T1 weighted MRI can 
quickly check for the presence of hemorrhage, and if present, 
the patient should be rescheduled. Bowel peristalsis and 
stool or air in the rectum can also compromise image quality 
due to movement (which causes image blurring) and due to 
susceptibility artifacts (which causes image distortion) 
mainly on DWI. In order to solve this challenge, the patient 
is advised to evacuate their rectum before imaging and can 
be offered an antispasmodic agent such as glucagon, scopol- 
amine butylbromide, or sublingual hyoscyamine sulfate for 
inhibition of peristalsis [20]. However, evidence for the util- 
ity of antispasmodic agents is unconvincing and such agents 
are usually not administered. Finally, for evaluating the sem- 
inal vesicles, we recommend that men avoid ejaculation for 
3 days prior to the MRI so that the seminal vesicles will be 
optimally distended [21]. 


MRI Equipment 


There are two important equipment issues relating to pros- 
tate MRI: The field strength of the MRI unit and the use of 
endorectal coils. The minimum field strength advised for 
prostate cancer diagnosis is 1.5 Tesla (T). 3T scanners have 
better signal-to-noise ratios, and this allows higher resolu- 
tion images to be obtained in a shorter time [22]. Most expert 
centers utilize 3T although very acceptable images can be 
obtained at 1.5T depending on the quality and age of the 
individual MRI unit and the care with which it is used. 

All pulse sequences can be obtained with either external 
phased-array surface coils or an endorectal coil (ERC) [23, 
24]. The ERC further improves signal to noise ratios (SNR), 
which can be used to obtain images with better resolution, 
which are less prone to artifacts. Often, ERC is recom- 
mended with 1.5T MRI to overcome the SNR limitations of 
the latter. However, ERC has also been used with 3T MRI to 
obtain maximal SNR [25]. While ERC provides clear bene- 
fits, there are also a number of drawbacks including 
increased cost and patient discomfort with insertion. 
Generally, the discomfort associated with ERC is overesti- 
mated and most patients describe only low to moderate dis- 
comfort [26]. Use of the ERC may also be particularly 
helpful in certain clinical scenarios, which require higher 
resolution, such as local staging, and for detection of recur- 
rence after definitive treatment. However, the ERC may not 
be necessary in patients with small tumors or those who are 
followed on active surveillance. An important technical con- 
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sideration is deciding what the balloon surrounding the 
actual ERC should be filled with. Simply putting air in the 
balloon as suggested by the manufacturer often leads to sus- 
ceptibility artifacts, and therefore, many centers have 
switched to using solutions such as dilute barium or perfluo- 
rocarbon. We find the latter to be particularly helpful in 
achieving high-quality images [27]. 


Pulse Sequences 


MpMRI consists of four main pulse sequences, resulting in 
a combination of anatomical and functional data. High- 
resolution T2-weighted (T2W) images and T1l-weighted 
(T1W) images are mainly used for review of morphology. 
In addition to these anatomical sequences, two functional 
sequences are also obtained. These are the diffusion- 
weighted imaging (DWI) sequences and dynamic-contrast 
enhanced imaging (DCE), which require the administration 
of intravenous contrast media. These four sequences work 
together to help define and confirm suspicious lesions 
within the prostate [28]. Details of acquisition for the main 
three sequences (T2W, DWI, and DCE) are displayed in 
Table 5.1 [17]. 

T1W images are used to rule out the presence of biopsy- 
related residual hemorrhage and thus should be acquired 
prior to the other sequences. For TIW images, we use an 
axial image with the same thickness as the T2W images, 
which is usually 3 mm. The images can be obtained with or 
without fat suppression using spin echo or gradient echo 
sequences. Fat suppression removes adipose hyperintensity 
that can interfere with interpretation of the image, but fat 
suppression is not critical. Since TIW MRI is mainly used 
for visualizing postbiopsy hemorrhage, image resolution is 
not critical. Residual hemorrhage can hinder accurate visual- 
ization of tumors within the prostate, so if a hyperintensity in 
the gland is seen, the patient should be rescheduled for 
mpMRI after waiting an appropriate period of time for the 
hemorrhage to resolve [17, 18]. 

T2W MRI is the main sequence used to delineate the 
prostate’s zonal anatomy, detect lesions, and to determine 
local staging; therefore, full coverage of the prostate and sur- 
rounding structures with high spatial resolution is essential. 
Excellent image quality is particularly important for extra- 
prostatic extension. To visualize the entirety of the prostate’s 
anatomy, multiplanar images in axial, coronal, and sagittal 
are obtained. We perform T2-weighted MRI using fast-spin- 
echo images at 3 mm slice thickness with a field of view 
between 12 and 20 cm to allow visualization of the seminal 
vesicles as well as the entire prostate gland. Typically, images 
are obtained in 2-D; however, 3-D images may also be 
obtained and some consider 3-D imaging more efficient and 
accurate [17, 29]. 
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Table 5.1 Acquisition parameters for T2W, DWI, and DCE sequences of mpMRI 


Image acquisition 


Slice orientation 
TR/TE (ms) 
Slice thickness 
(mm) 

FOV (cm) 


T2W 

2D RARE (rapid acquisition with 
relaxation enhancement) pulse 
sequences used. Avoid excessive echo 
train lengths to minimize blurring 


Axial, coronal, and sagittal 
2D RARE used 

3 mm, no gap 

Should match other sequences 


DWI 

Free-breathing spin echo EPI sequence 
combined with spectral fat saturation. ADC 
maps are calculated voxel-by-voxel. High 
b-value images may be acquired or 
calculated 

Axial 

<90 msec/ >3000 msec 

<4 mm, no gap 

Should match other sequences 

16-22 cm 


S. M. Walker et al. 


DCE 

Rapid 3D gradient echo T1W 
images obtained before, during, 
and after administration of 
contrast. Fat suppression 
recommended 

Axial 

<100 msec/ <5 msec 

3 mm, no gap 

Should match other sequences 


12-20 cm. Should be adjusted to cover 
entire prostate gland and seminal 
vesicles 

B-value (strength of — 

magnetic field 
gradient applied) 
In-plane resolution 
(phase x frequency) 
Temporal resolution 


<0.7 mm x <0.4 mm 


Total observation — — 
rate 


Contrast — — 
administration 


Adapted from Turkbey et al. [14], with permission from Elsevier 


Should be adjusted to cover entire 
prostate gland and seminal 
vesicles 


ADC maps: Ranging 50-100 sec/mm’? to = 
800-1000 sec/mm? 

High b-value images: 21400-2000 sec/mm? 
L25 mm < 2S mm 


<2 mm x <2 mm 


7 sec preferred 
Should be <15 sec 


>2 min 


Dose: 0.1 mmol/kg standard 
GBCA 

Injection rate: 2-3 cc, with 
continuous image acquisition 


T2W T2 weighted, DWI diffusion weighted imaging, DCE dynamic contrast enhanced, EPI echo-planar imaging, ADC apparent-diffusion- 
coefficient, TR/TE repetition time/echo time, FOV field-of-view, GBCA gadolinium-based contrast agents 


The most important functional sequence is DWI. DWI, 
which reflects the diffusion of free water molecules within 
the tissues, has much lower spatial resolution than the ana- 
tomical sequences. This sequence should be obtained in the 
axial plane at the same or similar geometry and slice thick- 
ness as the T2W images, for ease of comparison. DWI can be 
quantified by calculating apparent diffusion coefficient 
(ADC) maps voxel-by-voxel using a signal decay model. 
ADC values are lower in areas of less diffusion and vice 
versa. A retrospective study by Gaur et al. demonstrated that 
ADC values are a helpful quantitative tool in assigning 
PI-RADS scores, as they inversely correlate with PI-RADS 
score among both experienced and novice readers [30]. 
Furthermore, Pierre et al. demonstrated that inter-reader con- 
cordance of DW PI-RADSv2.0 score for peripheral zone 
(PZ) lesions was improved by utilizing the whole-prostate- 
ADC ratio as a quantitative tool in assessing cancer likeli- 
hood on DWI, rather than simply making a qualitative 
assessment of hypo- and hyperintensity on the image to 
assess cancer risk [31]. ADC values are calculated at various 
magnetic gradient strengths, referred to as b-values. For 
ADC map calculations, it is suggested that one low b-value 
set at 0-100 sec/mm? (preferably 50—100 sec/mm/?) and one 
intermediate b-value set at 800-1000 sec/mm? should be 
used [32]. At b-values >1500 sec/mm?, a “high b-value” 
image can be produced, which displays areas of decreased 


diffusion as regions of high signal [33]. However, high b 
value imaging is compromised in signal-to-noise ratio, so 
another option is calculating a high b-value image based on 
lower b-value images [34]. The optimal high b-value for sig- 
nal differentiation of tumors is 1500-2000 sec/mm? [35]. 
Lower b-values are not as sensitive for tumor; higher values 
are associated with too much suppression of the background 
anatomy and loss of SNR [17, 36]. 

DCE MRI consists of rapid 3-D gradient echo (GRE) 
T1W images obtained before, during, and after administra- 
tion of a gadolinium chelate-based contrast agent. The 
dynamic images should be acquired in the axial plane within 
the same slice width and geometry as the other sequences in 
the mpMRI set. This sequence reflects the leakage of the low 
molecular weight contrast agent into areas of pathology in 
the prostate. Due to tumor’s increased vascular permeability 
as a result of angiogenesis, there are more rapid enhance- 
ment and wash out after contrast administration, in compari- 
son to the surrounding tissue. Before administration of 
contrast, the patient’s estimated glomerular filtration rate 
should be measured, as gadolinium-based contrast agents 
have been linked to nephrogenic systemic fibrosis in renal 
failure patients. This risk is mitigated by the use of macrocy- 
clic gadolinium chelates. Estimated glomerular filtration rate 
of at least 30 mL/min/1.73 m° is considered safe as per the 
Food & Drug Administration recommendations [17, 37]. 


5 Role of MRI in Prostate Cancer Assessment 


More recently, the issue of gadolinium deposition has been 
raised since some patients demonstrate retained Gadolinium 
in their brain. Although no health effects have been described 
as associated with gadolinium retention, the public is con- 
cerned about it and some patients refuse Gadolinium con- 
trast media. 


mpMRI Interpretation 


There are characteristic signal patterns on each sequence of 
the multiparametric MRI, which are indicative of malig- 
nancy. Some are considered “dominant” depending on the 
location of the lesion within the gland; however, all data 
from every sequence should at least be considered when 
interpreting these studies. For instance, in the peripheral 
zone, DWI is considered “dominant,” whereas in the transi- 
tion zone T2W is considered “dominant.” 

In interpreting T2W MRI, zonal anatomy can be appreci- 
ated immediately (Fig. 5.1). The peripheral zone is a hyper- 
intense area on T2W bordering the iso-hypointense transition 
zone. The transition zone and peripheral zone are separated 
by the pseudocapsule or “surgical capsule,” and the central 
zone, which is posteriorly and superiorly located in the 
gland, can sometimes be seen surrounding the ejaculatory 
ducts toward the base of the prostate. Ideally, one should also 
be able to identify the prostate “capsule”, neurovascular bun- 
dles at the 5 o’clock and 7 o’clock positions and the seminal 
vesicles. Visualization of these structures is important for 
evaluating extraprostatic extension (EPE) and for accurate 
locoregional staging. Suspicious lesions in the prostate tend 
to have shorter T2 relaxation time, causing them to be darker 
than surrounding tissue [38, 39]. In the peripheral zone (PZ), 
areas of suspicion appear hypointense compared to the nor- 


85 


mally hyperintense PZ and are often depicted as linear or 
heterogeneous regions with ill-defined borders or more 
homogenous regions with more well-defined borders. 
Because the normal PZ is relatively high in signal, most 
lesions can be seen on T2W. In the transition zone, the 
appearance of benign prostatic hyperplasia is often heteroge- 
neous, often with well-circumscribed benign prostatic hyper- 
plasia (BPH) nodules in older patients. In the TZ, a suspicious 
lesion may be similar in intensity or slightly less intense than 
the background tissue, and signal pattern may range from 
homogenous to heterogeneous. However, these findings are 
nonspecific for malignant changes on T2W imaging, as 
inflammation, atrophy, scarring, or hyperplasia may also 
cause the prostate tissue to have discrete low signal regions 
on T2W or be diffusely heterogeneous [40]. 

On DWI MRI, areas with restricted water diffusion are 
hypointense relative to the surrounding normal structures. 
Tumors, because of their tightly packed cellularity and 
increased stroma compared to the surrounding tissue, have 
more impeded water diffusion. The apparent diffusion coef- 
ficient (ADC) is calculated on a voxel-by-voxel basis at vary- 
ing gradient strengths (“b-values”). On the ADC map of 
DWI, areas with restricted diffusion will have lower ADC 
values and appear hypointense. ADC maps can be highly 
predictive. For instance, Faletti et al. demonstrated that a 
negative ADC map combined with a normal T2W MRI had a 
negative predictive value of 100%. Thus, ADC maps can be 
a useful in differentiating benign and malignant lesions [41]. 
Additionally, ADC values inversely correlate with Gleason 
score of the lesion and can play a role in determining whether 
the cancer is low- or high-risk [42, 43]. Such information can 
help to determine whether a patient should be biopsied. ADC 
maps should always be interpreted with high b-value images 
acquired at b-values >1400 sec/mm? or extrapolated from 


Fig. 5.1 Axial T2W MR scan of normal prostate anatomy is shown in 
(a). The transition zone (white asterisk) is separated from the peripheral 
zone (black asterisk) by the “surgical capsule” or pseudocapsule. The 
peripheral zone is surrounded by the prostatic capsule. The neurovascu- 
lar bundles (arrowheads) can be visualized at the 5 o’clock and 7 


o’clock positions. The urethra (solid arrow) is at the center. Anteriorly, 
the transition zone meets the anterior fibromuscular stroma (dashed 
arrow). In a superior axial slice from the same scan (b), the seminal 
vesicles (arrow) appear as well-dilated tubules 
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lower b-value images. These images display malignancy as 
high in signal, making it easier to detect, in comparison to a 
relatively hypointense background in both the transition and 
the peripheral zone. High b value imaging increases the sen- 
sitivity and specificity of prostate cancer detection on 
mpMRI [44]. b-values of 1500-2500 sec/mm# are ideal for 
detecting malignancy [36]. Tumor detection in the transition 
zone is especially improved with analysis of high b-value 
images [40]. Any suspected tumors on a high b-value image 
or an ADC map should be cross-checked with each other and 
also compared with the corresponding T2W image for con- 
firmation that a suspicious area on the anatomical image is 
being evaluated. 

DCE-MRI is another functional imaging method that also 
contributes to better detection of tumors. DCE-MRI takes 
advantage of the enhanced capillary permeability of tumor 
vasculature. Normally, after contrast administration, a 
patient’s prostate will show enhancement in the TZ with little 
enhancement in the PZ. In cases of BPH, there can be wide 
variation in enhancement. However, malignancies typically 
demonstrate increased vascular leakiness that leads to focal 
and rapid enhancement within the tumor. This is often 
accompanied by early washout of the enhancement due to 
increased blood flow and vessel leakiness. The combination 
of an early focal enhancement with early washout is strong 
evidence of a tumor. Thus, DCE-MRI adds confidence to the 
diagnosis, which is primarily based on the other sequences. 
DCE-MRI has proven to be most useful in the post treatment 
setting when there is suspected recurrence, for which it 
exhibits high sensitivity and specificity [45]. 

Controversy remains regarding how best to analyze DCE- 
MRI data. The time-signal curve generated by a region of 
interest (ROI) in a suspected area can be evaluated qualita- 
tively, semiquantitatively, or quantitatively. Qualitatively, 
early enhancing foci in the prostate can be visualized by 
scrolling the DCE MRI in the cine mode. With experience, it 
is straightforward to recognize early, focal enhancement and 
early washout. Semiquantitative analysis extracts simple 
measurements from time-intensity curves, such as time of 
initial contrast uptake, time to peak enhancement, maximum 
slope, and wash-in and wash-out slopes. Both qualitative and 
semiquantitative evaluation of DCE-MRI improve detection 
of tumors, and the two interpretations perform similarly 
among readers [46]. However, they do not take into account 
factors such as gadolinium concentration, which are not 
directly related to MR signal intensity and the diffusion rate 
of contrast into tissues. Multiple attempts have been made to 
quantitate DCE-MRI in order to standardize measurements 
of enhancement across patients and scanners. In the quantita- 
tive approach, gadolinium concentration within the tissue is 
calculated based on relaxation rates of tissue, arterial input 
functions are measured, and the resulting curves are fit to a 
time-concentration curve from which rate constants such as 
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Kerans and Kep can be derived [47]. Although appealing in the- 
ory, there are several practical limitations. For instance, it is 
nearly impossible to measure an actual input function to the 
tumor. Instead, approximations are made from adjacent large 
vessels such as the femoral artery. Moreover, estimating the 
T1 of tissue is fraught with error, and thus, gadolinium con- 
centration can be inaccurate. Also, troubling is the plethora 
of different models, each employing different assumptions 
that fill the literature. The value of such analyses when bal- 
anced against the difficulties encountered in obtaining them 
means that quantitative analysis of DCE-MRI is rarely 
employed. The weaknesses of DCE-MRI in the TZ reduce its 
value for a large part of the prostate gland [40]. Thus, T2W 
MRI and DWI have proven to be more robust than DCE- 
MRI. As a consequence, DCE-MRI plays a relatively minor 
role in PIRADS v2 and is used primarily in increasing the 
score of lesions deemed to be PIRADS 3 to PIRADS 4 when 
classical tumor enhancement is seen. 

In summary, a typical cancer within the prostate appears 
hypointense on T2W MRI, with low signal on the ADC map 
but high signal on high b-value DWI. The typical cancer 
enhances early after contrast administration on DCE MRI 
(Fig. 5.2). There is some overlap between the imaging 
appearance of a malignancy and benign prostatic processes 
such as prostatitis and BPH; however, distinction is usually 
possible. In the interpretation of mpMRI has been improved 
by the adoption of the PI-RADSv2 guidelines. In PI-RADSv2, 
a score ranging from | to 5 is assigned to each lesion. If the 
lesion is in the PZ, the score is highly reliant on the DWI 
score and less on T2W and DCE-MRI; however, a positive 
DCE-MRI score can increase a PI-RADS 3 score to PI-RADS 
4, thus communicating that the likelihood of a significant 
cancer is higher and a biopsy is indicated. In the TZ, the 
dominant pulse sequence is T2W and DWI can be used in a 
similar manner as DCE-MRI in the PZ to increase a PI-RADS 
score of 3 to 4. Lesions scored as PI-RADS 4 or 5 suggest an 
increased likelihood of clinically significant malignancy, but 
the utility and reliability of PI-RADS v2 are still under inves- 
tigation [17]. 


Biopsy Guidance 


By themselves, mpMRI findings are of little value. It is only 
after the mpMRI findings are used to obtain a tissue diagno- 
sis that proper therapy can be instituted. mpMRI provides the 
opportunity for image-guided biopsy of suspected tumors. 
Common methods of using mpMRI during the biopsy proce- 
dure include cognitive fusion with real-time TRUS imaging, 
MRI/TRUS fusion devices, and in-bore MRI biopsy. In con- 
trast, the standard 12 core systematic biopsy is not truly 
image guided, as the TRUS is usually unable to detect pros- 
tate cancers reliably. MRI-guided biopsies can reduce the 
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Fig. 5.2 64-year-old patient with a PSA = 6.10 ng/mL. Axial T2W 
MRI shows a hypointense lesion in the left mid anterior transition zone, 
greatest diameter 1 cm (arrow) (a). The lesion is confirmed by hypoin- 
tensity in the same location on ADC map (b), hyperintensity in the 


need for biopsy by demonstrating a normal gland. A negative 
MRI does not necessarily eliminate the possibility of a clini- 
cally significant cancer; however, the risks are lower and 
continued follow-up guided by the PSA kinetics, which is 
usually recommended. MRI-guided biopsy also reduces the 
diagnosis of low-risk cancer and increases the diagnosis of 
intermediate—/high-risk cancer [48-50]. 

With cognitive fusion-guided biopsy, the operator uses a 
prior review of the mpMRI images to guide the TRUS biopsy 
[51]. Because the planes of section between MRI and ultra- 
sound are usually quite different, accurate knowledge of 
where an MRI finding appears on the TRUS can be very 
challenging. Cognitive biopsies require both experience and 
an understanding of the difference between axial MRI 
images and oblique ultrasound images. Therefore, the 
method is highly user dependent. Additionally, since there is 
no image taken while the biopsy is performed, location of the 
needle and biopsy site cannot be recorded [52]. This makes it 
impossible to confidently sample the same area on follow-up 
studies. 
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same location on b2000 DWI (c), and demonstration of hypervascular- 
ity within this location with early enhancement on DCE MRI (d). 
Patient subsequently underwent MRI—/fusion-guided biopsy, which 
resulted in a Gleason 3 + 4 disease diagnosis 


A relatively new alternative to cognitive biopsy is MRI/ 
TRUS fusion biopsy. After the mpMRI is performed, the 
prostate gland is delineated and lesions are identified. The 
images are then transferred to the ultrasound suite where a 
software fusion system matches live transrectal ultrasound 
images to the acquired mpMRI images. The ultrasound is 
live tracked using either a mechanical arm or a radiofre- 
quency device. Once the two images are fused, the ultra- 
sound can be tracked so that an updated MR image in the 
same plane as the TRUS is always displayed to the operator. 
Using this method, accurate biopsies can be obtained and the 
biopsy sites can be recorded [53]. Using this technique in 
over 1000 patients, a 30% higher detection rate of clinically 
significant cancer and a 17% lower detection of indolent dis- 
ease was found when compared to 12-core systematic biop- 
sies [12]. Popular fusion systems include UroNav®, 
Artemis®, Urostation®, and BiopSee®, and each has a steep 
learning curve for operation [54]. 

Finally, in-bore MRI-guided biopsy is another possible 
method for image-guided biopsy. The biopsy takes place in 
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the MR gantry after an initial mpMRI has detected suspi- 
cious lesions within the prostate. Biopsy needles can be 
introduced into the prostate either transrectally or transperi- 
neally, and MR images are obtained to ensure that the nee- 
dles are in the correct location. Advantages of this approach 
include accurate detection of clinically significant cancer 
and good visualization of the needle [55]. However, patient 
discomfort is significant when they must be in the gantry for 
a long time, and the biopsy is highly user-dependent and 
very difficult to teach to new operators. Moreover, the proce- 
dure is resource-intense and thus also expensive compared to 
the other methods [56]. 


Indications for MRI 
Detection of Prostate Cancer 


The main purpose of mpMRI is to improve detection of pros- 
tate cancer compared to systematic biopsy, which is the cur- 
rent standard of care. Systematic biopsy is performed in 
patients because of either a suspicious digital rectal exam or 
an elevated PSA; however, TRUS is limited in its ability to 
detect prostate cancer, and TRUS biopsies are taken blindly. 
Significant cancer can be missed. Siddiqui et al. demon- 
strated that tumors detected with mpMRI can identify 30% 
more clinically significant cancers and 17% fewer insignifi- 
cant cancers compared with TRUS-guided biopsies [12]. 
Subsequent studies have also demonstrated the utility of 
mpMRI in prostate cancer diagnosis, deeming it a “triage” 
test that reduces the number of unnecessary biopsies. This, in 
turn, reduces postbiopsy bleeding, infection, or pain [57]. 
Multicenter level 1A evidence from an international group of 
centers (PRECISION Trial) concluded that using mpMRI- 
guided prostate biopsies improve diagnosis of clinically sig- 
nificant prostate cancer compared to standard of care 
TRUS-guided systematic biopsies [58]. 

Although mpMRI contributes to more accurate detection 
of prostate cancer, it has some limitations. Up to 18.7% of 
MRIs can be false negative for prostate cancer [59]. One 
explanation could be that certain tumors do not grow focally 
but rather spread radially and discontinuously and are some- 
times referred to as “sparse tumors”. There is some evidence, 
however, that these MRI-negative cancers may represent a 
less aggressive form of the disease, provided the mpMRI is 
truly negative. Additional potential reasons for a negative 
mpMRI in the setting of pathologic diagnosis of clinically 
significant prostate cancer include technically inadequate 
scans, interpretative errors, or failure to biopsy the correct 
target. For instance, the quality of an MRI scan may be insuf- 
ficient to permit prostate cancer detection. This can arise 
from patient issues (motion and total hip replacement) or 
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from machine issues (incorrect scanning parameters and 
misplacement of an endorectal coil or other coil errors). 
Interpretive errors can occur from observer fatigue or from 
lack of training. Biopsy errors occur when the lesion is well- 
identified, but the needle is placed in the wrong location. 
This can occur due to poor segmentation, inaccurate registra- 
tion, or other user errors during the biopsy. Any of these fac- 
tors in the “chain of quality” can result in diagnostic errors. 
Thus, in order to improve mpMRI, all aspects of the chain of 
quality must be maintained at a high level. 


Staging of Prostate Cancer 


Patients with prostate cancer can not only be diagnosed but 
also be staged with mpMRI to determine the regional extent 
of disease. Conventional imaging techniques such as ultraso- 
nography and computed tomography have insufficient soft 
tissue resolution to identify the extent of primary prostate 
cancer and their relationship with the prostatic capsule and 
seminal vesicles, neurovascular bundles, or rectum. The 
most common staging system for prostate cancer is the 
T/N/M system: (T) tumor size, (N) presence of nodal involve- 
ment, and (M) presence of metastasis to local or distant 
structures [60]. Stages defined as T1-T2 are confined within 
the prostate, while extraprostatic extension upstages to T3A, 
seminal vesicle involvement upstages to T3B, and further 
organ or pelvic sidewall involvement is T4 [61]. Axial T2W 
images are best for initially assessing extraprostatic exten- 
sion. However, more complete assessment for staging 
includes making note of capsular shape and symmetry, neu- 
rovascular bundle asymmetry, and seminal vesicle involve- 
ment and pelvic nodal disease [62]. Subtle features indicative 
of extraprostatic extension include loss of the rectoprostatic 
angle, blurring of the prostatic capsule border, and unilateral 
change in the prostatic neurovascular bundle, which is found 
at the 5 o’clock or 7 o’clock position of the prostate in the 
axial plane. Seminal vesicle involvement can be evaluated by 
looking for focal hypointensity on the axial and coronal 
T2W [63]. The use of ERC is particularly helpful for extra- 
prostatic extension and seminal vesicle invasion [64]. The 
diagnosis of extraprostatic extension can be supplemented 
with DWI or DCE-MRI (Fig. 5.3). Addition of DWI with 
ADC mapping to the anatomical sequences has been shown 
to increase the accuracy of detecting extraprostatic extension 
[65]. However, staging using mpMRI has its limitations, 
especially in its ability to detect microscopic EPE. A meta- 
analysis conducted by de Rooij et al. regarding use of mpMRI 
for local staging revealed that the sensitivity of mpMRI for 
EPE/SVI is 57-61%, whereas the specificity for detection of 
EPE/SVI was 88-96% [66]. This study indicates the value of 
combining MRI findings with other clinicopathologic param- 
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79-year-old patient with a PSA = 11.12 ng/ml. Axial T2W 
MRI shows a 2.9 cm hypointense lesion in the midline to right apical- 
mid anterior transition zone (arrow) with potential of extraprostatic 
extension toward the anterior of the gland, visualized as a capsular 
bulge (a). ADC maps of DWI identify the hypointense lesion in the 


eters. A prospective study by Mehralivand et al. developed 
an MRI-based EPE grading system. In this study, higher 
MRI-based EPE grading categories were associated with a 
higher risk of pathologic EPE, and combining this MRI 
grading system with clinical variables such as PSA, Gleason 
score, and DRE, it was even more accurate in predicting 
pathologic EPE [67]. 

MRI is also limited in differentiating malignant lymph 
nodes for staging since it mainly relies on size criteria and 
node shape, which are not sensitive or specific enough for 
nodal metastasis. In that respect, it performs very similar to 
CT, which is notoriously insensitive for prostate cancer 
metastases. 
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same location (b) and further confirms with hyperintense signal pattern 
on b2000 DWI (c); the lesion shows focal hyperenhancement on DCE 
MRI (d). Patient underwent MRI/TRUS fusion-guided biopsy, which 
resulted in a Gleason 4 + 5 disease diagnosis 


Active Surveillance 


Since the establishment of PSA screening in the 1990s, the 
detection of prostate cancer has significantly increased. Due 
to its slow growing and progressing nature, many patients 
with prostate cancer die of other diseases, and therefore, 
overtreatment is a real concern. Active treatment can have 
deleterious consequences on quality of life, and its effect on 
reduction of mortality is still controversial. Thus, active sur- 
veillance (AS) as an alternative has been discussed since the 
mid-1990s. AS is used for low-risk cancers (Gleason 6) and 
monitors patients with PSA and periodic rebiopsy. Current 
standard AS monitoring consists of PSA testing, DRE, and 
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repeat standard biopsies. It is generally offered to patients 
who have prostate tumor that meets certain criteria: clinical 
stage <T1c, Gleason grade <6, PSA density <0.15, tumor 
involving <2 cores, and <50% involvement of any single 
core obtained by systematic biopsy [68]. In the case of pro- 
gression or upgrading to a higher risk category, curative 
treatment is initiated. 

However, these criteria can miss significant cancers lurk- 
ing elsewhere within the gland. The strength of mpMRI for 
AS lies in the ability to detect lesions that were outside the 
initial biopsy template. Since a substantial number of men 
drop out of AS due to continuous rising PSA and anxiety 
over missing significant disease, mpMRI can be used to 
select men who are not appropriate candidates for AS at the 
onset. Meanwhile, because of its high negative predictive 
value for intermediate and high-risk cancers, a negative 
mpMRI can support the choice of AS for appropriate patients 
[43, 68-70]. 

More controversial than its use in selecting patients for AS 
is the role of mpMRI in monitoring patients on AS. mpMRI 
has proven relatively insensitive for detecting progression of 
tumor grade from 3 + 3 to 3 + 4, which is the most common 
event in AS [68]. This apparent upgrading may be due to sam- 
pling different parts of the same stable tumor or it could rep- 
resent real progression. In any case, the real implications of 
these minor increases in grade on serial biopsies during AS 
are still debated. In comparison to PSA, mpMRI has a lower 
sensitivity for progression but higher specificity [71]. It has 
been suggested that the combination of mpMRI and PSA 
density monitoring in AS may significantly improve predic- 
tion of pathological progression. The utility of MRI-TRUS 
fusion biopsy in AS has also been explored recently. Bloom 
et al. demonstrated that patients who had initial systematic 
biopsies showing gleason 3 + 3 or 3 + 4 and negative confir- 
matory fusion biopsies were less likely to have tumor pro- 
gression on AS than those who had a positive confirmatory 
fusion biopsy [72]. Furthermore, Bloom et al. demonstrated 
that African American (AA) men were more likely to be 
upgraded from gleason 3 + 3 to gleason 4 + 3 or higher on 
MRI-TRUS fusion biopsy than non-AA men on AS [73]. 
Felker et al. suggested that adding mpMRI to traditional 
parameters such as PSA and grade carries incremental value; 
area under the receiver operating curve for PSA density or 
positive biopsy predicting progression was significantly 
increased from 0.87 to 0.91 with the addition of mpMRI 
results [74]. Finally, patients who choose AS over curative 
treatment may be concerned about any additional risks of AS 
and potential of undertreating disease. Two large prospective 
AS cohorts show a very low risk of prostate cancer-related 
mortality and metastatic disease [75, 76]. 

The utilization of mpMRI for AS is still evolving. Practice 
standards for its use in AS are just beginning to include 
mpMRI. Eligibility criteria and follow-up protocols demon- 
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strate wide variability across institutions, and the best 
approach is still unclear. Ideal protocols should be able to 
identify eligible patients and detect progression of disease as 
early as possible in order to forestall disease progression. 
Additionally, monitoring methods for AS should be low cost 
and carry low morbidity. The morbidity of repeated biopsies 
during AS monitoring provides motivation to consider 
mpMRI as a substitute for routine biopsy, reserving biopsies 
instead for patients with rising PSA and/or changed mpMRI 
[77]. Finally, mpMRI’s additional value in selecting AS 
patients is imperfect [78, 79]. In one study by Siddiqui et al., 
mpMRI showed that 29% of patients had been misdirected 
into AS, as shown by guided biopsy [80]. However, as men- 
tioned, mpMRI can miss up to 16% of clinically significant 
cancers [81]. Such limitations may explain why current 
guidelines are hesitant to integrate mpMRI into AS algo- 
rithms. The value of the inclusion of mpMRI in current 
nomograms has to be evaluated further through prospective 
trials [80]. However, since no perfect method exists for AS 
besides clinically validated molecular tests, prostate mpMRI 
has experienced increased use in monitoring of tumors. 


Challenges and Limitations 


Prostate mpMRI has utility in diagnosis, staging, and treat- 
ment planning. In addition to technical issues with the scans, 
mpMRI interpretation on the basis of PIRADSv2 is still sub- 
ject to variability among readers, despite attempts at stan- 
dardization. In a multireader analysis, the average sensitivity 
for detecting all lesions across 5 readers was 63% and inter- 
reader agreement among readers was 58% for scoring all 
lesions. This variability is especially pronounced in nonin- 
dex lesions and among inexperienced readers [82]. Several 
studies followed this work and further documented the limi- 
tation of reproducibility of prostate MRI reads and PIRADS 
[83, 84]. Attempts to reduce variability among readers is an 
ongoing process, and for this reason, PI-RADS is intended to 
be a living document with edits being made as evidence 
accumulates from its use in clinical practice. Second, image 
interpretation of mpMRI is challenging. It has been estab- 
lished that tumor size and grade are important predictors of 
tumor detection on imaging; however, as an example, in one 
study by Le et al., mpMRI failed to detect 28% of tumors 
>] cm and 28% of tumors > Gleason score 7 [85]. Finally, 
there are challenges faced in access to mpMRI as a standard 
modality for prostate imaging. While mpMRI followed by 
image-guided biopsy has been shown to be more cost- 
effective compared to sextant biopsy, the price of obtaining 
the necessary resources to perform such biopsies can pose a 
challenge to centers that are not financially equipped [86]. 
The cost is further increased by the requirement for contrast 
media for DCE images, MRI supplies, and the ERC. ERC 
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reimbursement in particular is challenging, as there are con- 
flicting studies regarding its utility [25, 26, 87, 88]. These 
limitations are important to consider when utilizing mpMRI 
for its multiple diagnostic capabilities. MRI of the prostate 
still has challenges that need to be overcome. 


Artificial Intelligence 


Artificial intelligence (AI) is being actively developed and 
tested by several research groups to detect and characterize 
prostate lesions on MRI. AI systems currently in develop- 
ment are promising, suggesting AI could be an invaluable 
tool in assisting radiologists in interpreting prostate mpMRI 
while providing further accuracy and standardization. A typ- 
ical AI system uses images from an mpMRI to locate the 
prostate, identify any lesions in the prostate, and then iden- 
tify lesions, which are likely to be cancer, assigning PI-RADS 
scores. The AI models are trained to detect these abnormal 
areas by processing data from annotated MRI slices that have 
been examined by a radiologist and segmented by hand to 
distinguish the prostate from surrounding tissue and lesions 
within the prostate. The strength of these AI models depends 
on the strength and validity of these annotated data sets after 
which it models its predictions. It also relies on good image 
quality and coincides with one of the goals of the updated 
PI-RADS v2.1. In 2018, Armato et al. published a paper 
summarizing the results of the PROSTATEx Challenges, 
which was a contest among 32 groups to test their AI models 
in detecting prostate cancer lesions and assigning them a 
Gleason Grade Group (GGG) based on a standardized col- 
lection of mpMRI images. A total of 71 AI models were 
tested, and the best performing method had an AUC of 0.87, 
a value that shows promise for AI as a tool to detect abnor- 
mal lesions. The AI methods used in the challenge, however, 
were not as successful in predicting GGG, with the best- 
performing method achieving a weighted kappa value of 
0.27 [89]. Additionally, a 2018 study by Greer et al. explor- 
ing AI assistance in PI-RADS scoring demonstrated that AI 
assistance increases agreement among readers (from 56.9 to 
71.8 [p = 0.001]) and sensitivity in detecting lesions, but 
decreases specificity [90]. However, Gaur et al. conducted a 
multicenter, multireader investigation comparing the sensi- 
tivity and specificity of mpMRI versus AI in detecting can- 
cerous lesions and found that AI had a higher specificity in 
detecting lesions that were PI-RADSv2 3 or greater and sig- 
nificantly reduced the read time when AI was used to assist 
the radiologist (4.6 vs 3.4 minutes, p < 0.001) [91]. In sum- 
mary, AI has been shown to be a helpful tool in standardizing 
the interpretation of prostate mpMRI at least in a research 
setting but has not successfully predicted cancer aggressive- 
ness. Further development of more robust, widely applica- 
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ble, and accessible AI models is required before AI alone can 
be considered a reliable diagnostic tool for prostate cancer 
and assist radiologists. 


Conclusions and Summary 


MpMRI has truly improved prostate cancer detection, stag- 
ing, and management in the last two decades. This modali- 
ty’s multiple pulse sequences can locate and characterize 
tumors in an in-depth manner, improving accuracy of imag- 
ing findings. Limitations of mpMRI include the cost of 
acquiring the images and the skills required for reading and 
interpretation. The images obtained in mpMRI must be inter- 
preted so as to provide uniform results across the world, and 
there are continuous attempts to educate readers and to stan- 
dardize image findings. However, accurate lesion visualiza- 
tion with MRI combined with novel image-guided biopsy 
enables a thorough method of lesion detection and treatment 
planning. Data from lesions detected on mpMRI are cur- 
rently being used to train AI systems to automatically detect 
prostate cancer lesions in hopes of furthering the accuracy 
and standardization of prostate cancer diagnosis. Such 
advances suggest promise for the future of mpMRI and AI 
and likely further exploration of their roles and utilization in 
prostate cancer management. 
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Imaging of Benign Prostatic Conditions 


Kristin K. Porter and Soroush Rais-Bahrami 


Benign Prostatic Hyperplasia 


Benign prostatic hyperplasia (BPH) is a pathological pro- 
cess, characterized by the nonmalignant enlargement of the 
periurethral transition zone of the prostate. BPH involves a 
net increase in the number of stromal and epithelial cells in 
the prostate because of an imbalance between apoptosis and 
cell proliferation [1]. BPH can lead to constriction of the ure- 
thra and subsequent obstruction of urinary flow, inducing 
detrusor dysfunction. BPH is the most common cause of 
lower urinary tract symptoms (LUTS) in aging males, which 
includes urinary frequency, urgency, nocturia, and dysuria. 
The prevalence of BPH increases with age. In the United 
States, BPH affects approximately 70% of men 60-69 years 
old, 80% of those 70 years and older, and almost 90% of 
those age 90 years [2, 3]. Although LUTS secondary to BPH 
are rarely life-threatening, the effect of LUTS and BPH on 
older men’s quality of life is significant and should not be 
underestimated. In men with prostates larger than 30 mL and 
severe LUTS, BPH can lead to serious complications includ- 
ing acute urinary retention, requiring catheterization, hydro- 
nephrosis, and acute renal injury [4]. 

In a number of population-based studies of the effect of 
BPH-associated LUTS on quality of life, the most important 
motivations for seeking treatment were severity of LUTS 
and the degree of bothersome impacts on quality of life. The 
American Urological Association (AUA) BPH guideline in 
2010 recommends that the first step in evaluating patients 
presenting with LUTS is a medical history and focused phys- 
ical examinations, including digital rectal and neurological 
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examinations [5]. The goal is to establish that the symptoms 
are due to BPH and identify other causes of voiding dysfunc- 
tion or comorbidities that may complicate treatment, such as 
diabetes, primary neurological disorder, urethral stricture, 
etc. Laboratory evaluations include urinalysis performed by 
dipstick testing and microscopic examination to screen for 
urinary tract infection, hematuria, and glucose. The seven 
symptom questions of the International Prostate Symptom 
Score, IPSS, are used to quantify symptom severity, monitor 
therapeutic response, and detect symptom progression. 
Radiographic studies are not recommended in the initial 
evaluation of LUTS [5]. However, they are useful adjunctive 
tests in determining appropriate therapies for men with moder- 
ate to severe LUTS. Prostate size impacts the selection of appro- 
priate medical therapy. BPH/LUTS are commonly treated with 
two classes of medication, alpha-adrenergic receptor blockers 
and 5-alpha reductase inhibitors (5-ARIs), or with surgical 
intervention. Alpha-adrenergic receptor blockers, such as doxa- 
zosin and tamsulosin, provide rapid symptom relief by reducing 
smooth muscle tension along the bladder neck, prostate, and 
urethra [6]. The 5-ARIs, which include finasteride and dutaste- 
ride, are antiandrogenic drugs that target the underlying disease 
process to reduce prostate size [6]. Patients with larger prostates 
may benefit more from 5-ARIs, whereas those with lower uri- 
nary tract symptoms and prostates less than 30 mL may benefit 
from alpha-adrenergic receptor blockers alone. When surgical 
options are considered, knowledge of prostate volume and con- 
figuration on imaging can assist clinicians in choosing mini- 
mally invasive surgery, transurethral prostate resection, or open 
prostatectomy. According to the European Association of 
Urology (EAU) guidelines, open surgery should be undertaken 
in patients with prostate volume greater than 80-100 mL, while 
transurethral incision of the prostate (TUIP) could also be used 
for prostate volumes less than 30 mL [7]. Transurethral resec- 
tion of the prostate (TURP) would be the treatment of choice for 
those with prostate volumes between 30 and 80 mL [7]. 
Additionally, with added endoscopic techniques including laser 
vaporization, laser enucleation, urethral lift, or prostate lobe 
tacking procedures (UroLift®; NeoTract, Pleasanton, CA, 
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USA), awareness of the prostate gland volume and shape is 
essential for procedural planning. Also, with the development 
and spread of prostatic artery embolization as an endovascular 
technique for managing symptomatic BPH either not suitable 
for surgical resection or of a volume too large for conventional 
endoscopic urologic adenoma volume reduction approaches, 
imaging for prostate volume assessment and also the definition 
of the feeding arterial supply preprocedurally provide a road- 
map to treatment planning. As a result of all treatments benefit- 
ing from the accurate estimation of gland volume and evaluation 
of the presence of an intravesical median lobe, imaging consti- 
tutes an important guide in the management decision-making 
for men with symptomatic BPH. 


Transabdominal Ultrasound 


Historically, transabdominal prostatic US has been utilized to 
estimate the size and morphology of the prostate gland, such 
as the absence or presence of the middle lobe. Transabdominal 
ultrasound (TAUS) requires angling of the probe beneath the 
pubic bone. The transverse plane is first evaluated to measure 
the height and width of the prostate gland. The transducer is 
then rotated to the sagittal plane to measure the length of the 
prostatic urethra, from the bladder neck to the apex of the 
prostate. The presence of the middle lobe and degree of intra- 
vesical prostatic protrusion (IPP) can also be assessed on the 
midsagittal plane. IPP severity is graded on a 3-point scale: 
grade 1, less than 5 mm; grade 2, 5-10 mm; and grade 3, 
more than 10 mm [8, 9]. It has been shown that IPP correlates 
well with urodynamic findings of bladder outlet obstruction 
(BOO) and detrusor dysfunction [8—10]. The positive predic- 
tive value (PPV) of grade 3 IPP for bladder outlet obstruction 
is found to be as high as 94%, and the negative predictive 
value (NPV) is 79% [8]. Other surrogate predictors of the 
severity of BPH and associated BOO such as postvoid resid- 
ual urine (PVR), bladder wall thickness, and bladder wall tra- 
beculation can also be evaluated. 

Due to its inherent limitations with respect to detailed 
imaging of the prostate and its surrounding tissues, TAUS 
has been shown to grossly overestimate prostate adenoma. 
Stravodimos and colleagues found that TAUS miscatego- 
rized 32.5% of gland volumes as over 80 mL and led 25 
patients to unnecessary open surgery [11]. Although TAUS is 
a noninvasive and helpful imaging modality in assessing for 
IPP and BOO, it is not reliable in identifying patients for 
surgical interventions. 


Transrectal Ultrasound (TRUS) 


Since transrectal ultrasound (TRUS) of the prostate was 
first described in 1968 by Watanabe and colleagues [12], 
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TRUS technology has become the standard first-line radio- 
graphic modality to evaluate appropriate patients for treat- 
ment of BPH. Handheld TRUS requires compression of 
the prostate to ensure adequate acoustic coupling between 
the probe and the prostate. To some extent, this can be 
obviated with automated stepper devices that advance the 
probe in stepwise increments in the same plane. However, 
the degree of prostate distortion is highly operator depen- 
dent. Indeed, a major problem with TRUS is its high 
intraobserver variability, estimated at —21 to +30% of total 
prostate volume and —18 to +18% of transition zone vol- 
ume [13]. 

Another challenge in TRUS estimation of prostate vol- 
ume is its assumption that the prostate has a regular ellip- 
soid shape. The ellipsoid model, which is the original and 
de facto standard method of calculating prostate volume, 
uses the formula length x width x height x 2/6 [14]. 
However, the highly variable shape of the prostate, which is 
not typically a regular shape in most men, results in widely 
variable or outlier estimates of volume in individual cases 
that are not reflected in Pearson coefficient scores. 
Moreover, these eccentric volumes can be difficult to repro- 
duce on serial imaging. As a result, TRUS has been shown 
to underestimate prostate volume for prostates larger than 
50 mL and to overestimate prostate volume for glands 
smaller than 30 mL [15]. Despite its limitations, the TRUS 
method of prostate volume assessment is preferred in cur- 
rent clinical practice due to its availability, affordable cost, 
and time efficiency [16]. 


Magnetic Resonance Imaging (MRI) 


MRI has been shown to be more reliable in prostate imaging, 
particularly in delineation of zonal anatomy, compared to 
TRUS. TRUS requires compression of the prostate to ensure 
adequate imaging, which is highly operator dependent. 
Furthermore, MRI allows for more accurate differentiation 
and segmentation of the transitional zone and peripheral 
zone [17, 18]. The axial T2W images are used for prostate 
volume measurements (Fig. 6.1). The transitional zone of the 
prostate is characteristically recognizable by a thin band of 
fibromuscular tissue (pseudocapsule), which is low in signal 
intensity on T2-weighted MRI and defines the border 
between the transitional zone and peripheral zone. 

Turkbey and colleagues validated 3.0-Tesla MRI-derived 
total prostate volume with the weights of human radical 
prostatectomy specimens. The Pearson correlation coeffi- 
cient revealed strong positive correlation between prostatec- 
tomy specimen volume and prostate volume estimates 
derived from manual segmentation (R=0.89-0.91, 
p<0.0001) and automated segmentation (R=0.88-0.91, 
p<0.0001) [19]. 
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Fig. 6.1 Axial T2-weighted small field of view image demonstrating 
markedly enlarged, intravesical, and median lobe of the prostate gland 


Computed Tomography (CT) 


MRI and transrectal ultrasound are superior methods of 
imaging the prostate; however, given the frequency of CT 
scans (Fig. 6.2), it is important to have an understanding of 
pelvic anatomy including the prostate. Discrepancies exist 
between the imaging modalities. A study by Hoffelt et al. 
comparing the prostate volume between CT scan and 
TRUS found that the CT scan consistently overestimated 
the prostate volume by up to 50% [20]. This tends to play 
a lesser role in BPH, but it is important in prostate cancer 
because an unnecessary larger dose of toxic radiation may 
be used. Conversely, another study comparing CT with 
TRUS prostate volume estimations found a close correla- 
tion between the two imaging studies. This particular study 
focused on brachytherapy implants, and they determined 
that if CT images were appropriately interpreted, CT is 
comparable to TRUS in measuring prostate volume [21]. 
Fiorino and colleagues showed that the same physician 
reviewing the same CT scan had greater than | mm differ- 
ences in evaluating prostate contour [22], emphasizing 
intrareader variability. 
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Fig. 6.2 Noncontrast CT scan, axial cut demonstrating enlarged 
prostate 


Prostatitis 


Prostatitis refers to inflammation of the prostate gland. 
Infection occurs when bacteria from the urethra or bladder 
enter the prostate. It has been reported that there are approxi- 
mately 2 million outpatient visits yearly for prostatitis in the 
United States, accounting for 8% of all urology office visits 
and 1% of all primary care visits [23, 24]. 

The National Institutes of Health (NIH) established a 
classification of prostatitis into four categories: acute bacte- 
rial prostatitis, chronic bacterial prostatitis, chronic prostati- 
tis/chronic pelvic pain syndrome (CP/CPPS), and 
asymptomatic inflammatory prostatitis. Acute bacterial pros- 
tatitis presents with dysuria, frequency, and other symptoms 
of a urinary tract infection. E. coli is the most common caus- 
ative pathogen. Signs of systemic infection are related to 
infection of the prostate and include fever, malaise, and gen- 
eral aches. Treatment for acute bacterial prostatitis is directed 
at gram-negative enteric bacteria. Trimethoprim- 
sulfamethoxazole, fluoroquinolones, and ampicillin with 
gentamicin are all reasonable options while awaiting urine 
culture sensitivities and should continue for a total of 
l-month duration. Additionally, alpha-adrenergic blockers 
can be used to help reduce obstruction and urinary reflux. 
Rarely, prostatitis requires surgery and this is generally seen 
in the setting of a prostatic abscess. Chronic bacterial prosta- 
titis is seen in patients with repeated urinary tract infections, 
most commonly E. coli. Patients will present with dysuria 
and pelvic or low back pain. Positive urinary cultures can be 
seen in between periods of symptomatic bacteriuria. Chronic 
prostatitis/chronic pelvic pain syndrome (CP/CPPS) 
represents the most common type. Numerous medical thera- 
pies have been tried, but a definitive treatment still remains 
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unknown. Patients in this subtype complain of LUTS and 
pelvic pain. Treatments to consider consist of anti- 
inflammatories, alpha-adrenergic blockers, and hormonal 
therapies. A recent study by Kong et al. evaluated the use of 
phosphodiesterase inhibitors, specifically mirodenafil, in 
combination with levofloxacin. The group receiving mirode- 
nafil noted an improvement in LUTS; however, pain was 
unchanged [25]. CP/CPPS is further broken down into 
inflammatory and noninflammatory. Noninflammatory 
chronic pelvic pain syndrome is characterized by the absence 
of WBCs in prostatic fluid and no prostatic bacterial infec- 
tion. Inflammatory CP/CPPS also called nonbacterial prosta- 
titis is defined as WBCs in prostatic fluid, but no active 
prostate infection. The etiology may be related to reflux of 
urine into the prostate causing an irritant prostatitis. 
Asymptomatic inflammatory prostatitis is seen during the 
workup for other genitourinary pathologies such as follow- 
ing a prostate biopsy. A common finding is a large concentra- 
tion of leukocytes in semen [26]. Granulomatous prostatitis, 
which is not included in the NIH classification, is seen fol- 
lowing bacillus Calmette-Guérin (BCG) intravesical therapy 
for bladder cancer and tuberculosis. 


TRUS 


Transrectal ultrasound to diagnose prostatitis is generally not 
used since the diagnosis is clinical; however, TRUS should 
be considered if there is clinical suspicion for a prostatic 
abscess. A study involving 45 men with a clinical diagnosis 
of acute bacterial prostatitis who underwent TRUS on admis- 
sion and | month following antibiotic therapy demonstrated 
a mean reduction in prostate volume from 40.5 mL (sd: 17.9) 
to 24.3 mL (sd: 10.5) [27]. Several signs on TRUS were 
described in a 1989 article by Doble and Carter, which have 
a high correlation with a prostatitis diagnosis. These included 
high-density and midrange echoes, echolucent zones, capsu- 
lar irregularity and thickening, ejaculatory duct echoes, and 
periurethral zone irregularity. Their histopathological signifi- 
cance was also noted. Corpora amylacea was seen as the 
high-density echoes. Midrange echoes represented inflam- 
mation and/or fibrosis. The echolucent zones indicated 
inflammation. The specificity of midrange and high-density 
echoes was 51.9% and 40.7%, respectively. The sensitivity 
of the echolucent zones, capsular irregularity and thickening, 
ejaculatory duct echoes, and periurethral zone irregularity 
ranged from 30.8% to 62.3% [28]. 

A study comparing TRUS findings in the evaluation of men 
with chronic pelvic pain syndrome and chronic prostatitis 
revealed a statistically significant accumulation of prostatic 
calcifications and unilateral seminal vesicle gland alterations 
in men with chronic prostatitis. In patients with chronic pelvic 
pain syndrome, 22% had prostatic calcifications and 11% 
showed unilateral seminal vesicle gland alterations [29]. 


K. K. Porter and S. Rais-Bahrami 


Color Doppler TRUS has been shown to be of value for 
monitoring acute bacterial prostatitis response to treatment. 
A study involving 25 patients treated for acute bacterial pros- 
tatitis had color Doppler and TRUS done at | week, 6 weeks, 
3 months, and 6 months follow-up. The patients completed 
antibiotic therapy at 6-week follow-up ultrasound. 23 of the 
patients had blood flow to the entire prostate capsule at 1 
week, and only two patients had blood flow to the entire cap- 
sule at 6 months. The patients in the same study were also 
noted to have an overall decrease in the amount and distribu- 
tion of blood flow within the parenchyma based on a quanti- 
fication system by the authors. They used the Doppler spot 
scale where they counted blood flow spots in the parenchyma 
and noted a decrease from mean 23.2 (sd: 11.1) spots at 1 
week TRUS down to 7.9 (sd: 5.1) at 6 months [30]. 


MRI 


The utilization of MRI in active surveillance for prostate 
cancer leads to more imaging of granulomatous prostatitis 
induced in patients previously treated with intravesical BCG 
for bladder cancer (Fig. 6.3). Granulomatous prostatitis can 
mimic prostate cancer and may appear as a new hypointense 
lesion on T2W images with restricted diffusion. This was 
observed in a case reported by Logan et al. about a patient 
undergoing multiparametric prostate MRI for active surveil- 
lance. These benign lesions may prompt earlier prostate 
biopsies [31]. Nagel and colleagues were able to show that 
diffusion-weighted MRI can show differences between pros- 
tatitis and prostate cancer in the peripheral zone and transi- 
tion zone [32]. 


Prostatic Abscess 


A prostatic abscess, although uncommon, should be sus- 
pected when a patient being treated for bacterial prostatitis 
fails to improve with antibiotic therapy. E. coli is the most 
common causative organism and is typically caused by the 
reflux of infected urine into the prostate gland. Additionally, 
hematogenous spread usually secondary to Staphylococcus 
aureus and direct inoculation following a prostatic procedure 
can lead to formation of a prostatic abscess. Patients may 
present with LUTS, perineal pain, fever, chills, low back 
pain, or even sepsis [33]. A fluctuation in areas of the pros- 
tate can be noted on digital rectal examination but will not 
always be apparent. Immunosuppression and uncontrolled 
diabetes place a patient at an increased risk. Management is 
antibiotic therapy with abscess drainage. Surgical interven- 
tion includes transurethral unroofing and resection, perineal 
incision and drainage, and percutaneous drainage. Recurrence 
of a prostatic abscess can occur following initial treatment, 
so repeat imaging to confirm resolution of the abscess is rec- 
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(a) Axial T2-weighted MR image demonstrates diffuse 
hypointensity of the peripheral zone. (b) Focal hypointense lesion on 
ADC in the posterior medial right mid gland peripheral zone with cor- 


ommended. This is commonly done with TRUS; however, 
CT and MRI are feasible options [33]. 


TRUS 


Transrectal ultrasound is the diagnostic study of choice for a 
prostatic abscess. Hypoechogenic areas of varying sizes, 
which can be numerous, are a common finding. These areas 
are usually found in the transition zone and can distort the 
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responding (c) hyperintensity on high b-value DWI is suspicious for 
clinically significant prostate cancer. However, on pathology, this lesion 
was consistent with granulomatous prostatitis 


normal anatomy of the gland [33]. A small retrospective study 
involving nine patients by Oliveira et al. found all patients 
undergoing TRUS to have the above-described findings [34]. 


CT 


CT scan is another useful method to diagnose and follow a 
prostatic abscess (Fig. ). A small prospective study fol- 
lowed seven patients with suspected prostatitis. Five of the 


Fig. 6.4 (a) Contrast-enhanced CT scan, axial cut with a 1.3x1.2 cm 
hypoattenuating focus in the right anterior portion of the prostate with 
enhancement suggesting prostatic fluid collection concern for an 


Fig. 6.5 (a) MR T2 axial cut of patient with suspected prostatic 
abscess and enlarged prostate. An intraprostatic periurethral high T2 
signal suggesting fluid. (b) MR T1 axial cut of the same patient with 


patients had a CT scan alone and showed a homogenous area 
of low attenuation on CT after giving IV contrast. Two of the 
patients demonstrated enhancing rims around the abscess. 
CT scan has been demonstrated to be useful in diagnosing 
and to follow resolution of the abscess. Both CT and TRUS 
can reveal septations; however, CT allows evaluation of adja- 
cent tissue structures [35]. 


MRI 


MRI will show a hypointense signal on T1 and hyperintense 
signal with peripheral enhancement on T2 [36] (Figs. 

and ). Singh et al. evaluated the use of diffusion- 
weighted imaging (DWI) in two patients with a prostate 
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abscess formation. (b) Contrast-enhanced CT scan, axial cut of the 
same patient several days later demonstrating a mild decrease in size of 
0.7x0.5 cm 


suspected prostatic abscess and enlarged prostate. An intraprostatic 
periurethral abscess collection appearing as low signal on T1 


abscess. DWI evaluates the diffusion of water molecules and 
calculates an apparent diffusion coefficient (ADC) between 
normal and pathological prostate. They demonstrated that 
the mean ADC levels in prostatic abscesses were low in com- 
parison to normal peripheral zone prostate tissues and with 
malignant prostate tissue. The area of restricted diffusion 
represented an area of abnormality on T2 imaging [36]. 


Prostatic Cysts 


A variety of cysts can exist in the prostate and can be asymp- 
tomatic or symptomatic depending on their origin and size. 
The overall prevalence of prostatic cysts is not known, but 
studies have shown medial cysts in up to 8% of asymptom- 
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» (a) Axial MR T1-weighted postcontrast image in a patient 
with large peripherally enhancing, multiloculated prostate abscess and 
enlarged prostate. (b) Coronal Tl-weighted postcontrast MR image 
shows that inflammation related to this multiloculated prostate abscess 
extends to involve the right seminal vesicle and exerts mass effect on 


atic patients. Another small study found prostatic utricle 
(PU) cysts in 11% of 150 infertile men, while no cysts were 
found in 30 fertile men. Prostatic cysts can be broken down 
into intraprostatic and periprostatic. Treatment is generally 
reserved for those cysts that may be associated with urinary 
obstruction, infertility, infection, or discomfort. The classifi- 
cation of prostatic cysts is based on their anatomic location, 
which includes midline cysts, paramedian cysts, lateral cysts, 
and periprostatic cysts [37]. 


the urinary bladder. (c) Calculated ADC values are low in the multilocu- 
lated prostate abscess on this ADC map. (d) There is corresponding 
high signal on high b-value DWI within the abscess, consistent with 
restricted diffusion related to purulent material. 


Galosi et al. proposed a new classification of prostatic cysts 
based on clinical and pathological features. They further 
described the appearance of the cystic lesions based on imaging. 
Previous classifications have based cysts on clinical settings, 
which included LUTS, oncology, infertility, and infectious dis- 
ease [37]. They divided the cysts into six categories identified as 
type 1 through 6 in order: isolated medial cysts, ejaculatory duct 
cysts, parenchymal cysts, complicated cysts (hemorrhagic or 
infectious), cystic tumors, and parasitic cysts [37]. 
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Midline cysts consist of PU cysts and Miillerian cysts. 
Miillerian cysts originate from remnants of the Miillerian 
duct, while PU cysts come from dilation of the prostatic 
utricle. These terms are sometimes used interchangeably; 
however, most literature classifies them as different entities. 
Midline cysts are located superior to the verumontanum in 
between the seminal vesicles. Miillerian cysts and PU cysts 
may be indistinguishable from one another on imaging, but 
there are differences in imaging to tell them apart. Miillerian 
duct cysts can originate lateral to midline given the ana- 
tomic location of the Miillerian ducts during embryology 
and anywhere along the Miillerian duct path. PU cysts 
should be precisely midline given the anatomic location of 
the prostatic utricle. Aside from anatomic location, PU cysts 
communicate with the posterior urethra. This feature is not 
seen in Miillerian duct cysts. Miillerian duct cysts tend to be 
larger and occur later in life, while PU cysts occur in the first 
two decades of life. Finally, PU cysts have been associated 
with genitourinary abnormalities, while Miillerian duct 
cysts are isolated entities. Galosi also identified an enlarged 
PU in children, which is not a true cyst and is associated 
with an absent verumontanum and wide opening into the 
urethra. The enlarged PU is a tubular structure with squa- 
mous epithelium. A study involving 65 patients with 
Miillerian duct cysts evaluated the workup and manage- 
ment. Of the 65 patients, 27 underwent an invasive proce- 
dure, which included transperineal or transrectal puncture in 
9, endoscopic resection of the utricle meatus in 12, and large 
marsupialization in 6 patients. The authors noted improve- 
ment or cure in 82% of the patients at roughly 4 years fol- 
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low-up [38]. Halpern and Hirsch discuss a case report of a 
35-year-old male with infertility found to have a Miillerian 
duct cyst. TRUS was used to guide transurethral laser inci- 
sion of the cystic obstruction. Following incision, TRUS 
confirmed cystic decompression [39]. 

Ejaculatory duct cysts are paramedian cysts, which can be 
congenital or acquired due to an ejaculatory duct obstruc- 
tion. Evidence for an acquired ejaculatory duct cyst can be 
seen when there is a prostatic calculus or PU cysts. These 
cysts when aspirated contain spermatozoa or fructose [40]. 

Prostatic retention cysts are acquired and increase in fre- 
quency with advancing age in patients with BPH in the fifth 
and sixth decades of life. They result from the obstruction of 
prostate gland ductules resulting in upstream cystic dilation 
of the gland acini. On aspiration, spermatozoa are absent. 
BPH with cystic degeneration is the most common cystic 
lesion of the prostate and located in the transitional zone of 
the prostate gland [40]. They can be seen within the hyper- 
plastic nodules and contain calculi and white or hemorrhagic 
fluid. The white fluid is corpora amylacea, and hemorrhage 
is due to necrosis or infarction of prostatic nodules [40]. 

Other cystic lesions include cystadenoma, which is a 
benign cystic tumor that may be associated with LUTS, pain, 
or urinary retention. They are noninvasive and appear on his- 
tology as a single layer of cuboidal cells with peribasal cells. 
Cavitary prostatitis is the result of static exudate occluding 
prostatic ducts and acini, leading to weakened septa. The 
septa degenerate forming cavities in the prostate. Frequent 
genitourinary infections are commonly present in this popu- 
lation [40]. 


7 (a) Transabdominal ultrasound in transverse plane of incidental finding of 1.9x 1.72.1 cm anechoic cystic lesion associated with the 
prostate. (b) The same incidental prostatic cyst in longitudinal plane 
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TRUS/CT 


TRUS is the primary diagnostic imaging tool for prostatic 
and periprostatic cysts (Fig. 6.7a, b). The majority of these 
lesions tend to be found incidentally during ultrasound for 
prostate biopsy. Cystic lesions may be simple or complex on 
imaging and appear hypoechoic on ultrasonography. Lesions 
may have septations, calcifications, or thickened walls. 
Miillerian duct cysts appear as midline or lateral to midline 
anechoic cystic lesions posterior to the urethra and can 
extend superior to the base of the prostate. Ejaculatory duct 
cysts are best seen in the sagittal plane and appear hypoechoic 
slightly lateral to midline [40]. 

On contrast enhanced CT scan, cysts will appear as non- 


enhancing hypodense structures within the prostate 
(Fig. 6.8a, b). 
MRI 


With the increase in use of MRI for targeted prostate biopsy 
during cancer workup, defining prostatic cysts becomes eas- 
ier. On MR imaging, prostatic cysts are readily identified on 
T2-weighted imaging due to their high signal [41]. 
McDermott et al. describe the characteristic MR imaging 
features of prostatic cysts using a 1.5-T scanner with the 
patient in supine position as seen on axial, sagittal, and coro- 
nal T1/2-weighted images. They describe the characteristic 
pear-shaped PU cysts that give off high signal on T2-weighted 
imaging due to the straw-colored fluid, which is devoid of 
sperm. Another defining feature is the PU cyst remaining in 
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the boundaries of the prostate, while Miillerian duct cysts 
when enlarged can extend above the prostate. Miillerian duct 
cysts are also of high signal on T2-weighted imaging due to 
a brown sperm-free fluid. On Tl-weighted imaging, 
Miillerian duct cysts that are hemorrhaging will appear 
hyperintense, which is usually in association with a retrove- 
sicular stone. Ejaculatory duct cysts appear as high signal on 
T2-weighted images and may be in association with a low- 
signal calculus. Prostatic retention cysts appear as round, 
smooth-walled unilocular cysts in any zone of the gland 
(Fig. 6.9a, b). Cystic BPH is located in the transitional zone 
of the prostate; however, they may appear in the peripheral 
zone due to the enlarging transitional zone compressing the 
peripheral zone. On MR T2-weighted imaging, the lesion 
appears as high intensity. 

Surgical management as previously discussed is reserved 
for patients with lower urinary tract symptoms and consists 
of aspiration and decompression to relieve obstruction or 
irritation. Different therapeutic treatments have been 
reported; however, therapy should be individualized for the 
patient. 


Wolffian Duct Anomalies 


Urogenital tract formation in both males and females is a 
complex process with both sexes initially having two pairs of 
genital ducts: mesonephric (Wolffian) and paramesonephric 
(Miillerian) ducts. In males, the Wolffian ducts persist, 
maturing into the male internal genital tract. The Mullerian 
ducts in males typically involute after forming the prostatic 


Fig.6.8 (a) Contrast-enhanced CT scan of coronal section revealed incidental finding of round hypodense lesion within the central aspect of the 
prostate extending superior likely a utricle cyst. (b) The same utricle cyst in axial section 
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) (a) Axial and (b) coronal T2-weighted MR images show a round T2-hyperintense midline cyst consistent with a prostatic utricle cyst 


utricle, and appendix of the testis and rarely Mullerian cysts 
may develop, as detailed above. A basic understanding of the 
embryonic development of the male genitourinary system 
can aid in the accurate identification and characterization of 
these anomalies. 

The internal male genitalia and the urinary collecting sys- 
tem share a common embryologic origin: The mesonephric 
(Wolffian) duct. The ureteric bud arises from the caudal 
mesonephric duct and extends dorsocranially to contact the 
metanephric blastema and to form the ureter and renal col- 
lecting system. The mesonephric duct also develops under 
androgen stimulation into the bladder trigone, bladder neck, 
urethra (proximal to the external sphincter), seminal vesicle, 
vas deferens, epididymis, paradidymis, and appendix epi- 
didymis. The urogenital sinus arises from the cloaca and 
develops into the bladder and urethra, which gives rise to the 
prostate gland. 

Normal male genitourinary development depends on the 
ordered partitioning of the mesonephric duct and reciprocal 
induction of the metanephric blastema and the ureteric bud. 
Depending on how much of the mesonephric duct experi- 
ences maldevelopment can predict the constellation of 
anomalies seen. For example, failure of the ureteric bud to 
develop and contact the metanephric blastema will lead to 
renal agenesis or hypoplasia; however, the seminal vesicle 
may develop normally. Similarly, the ureteral bud may 
develop from a cranial portion of the mesonephric duct, 


which can result in the distal ureter having an ectopic inser- 
tion into other mesonephric duct structures, such as the vas 
deferens, seminal vesicle, ejaculatory duct, bladder neck, or 
proximal urethra [42, 43]. Maldevelopment of the distal 
mesonephric duct (including the ureteric bud) can result in 
agenesis of the ipsilateral kidney or dysplasia and absence of 
the ejaculatory duct. The absence of the ejaculatory duct 
leads to seminal vesicle obstruction and cyst formation 
(Zinner syndrome) [44]. Finally, complete failure of a unilat- 
eral mesonephric duct to develop causes ipsilateral renal, 
ureter, hemitrigone, vas deferens, and seminal vesicle atresia 
[42-48]. 

While Wolffian duct anomalies are rare and may present 
in childhood or during evaluation for infertility, the increas- 
ing utilization of cross-sectional imaging for prostate cancer 
management and active surveillance is leading to increased 
detection of asymptomatic, incidentally detected Wolffian 
duct anomalies. Recognizing and accurately characterizing 
Wolffian duct anomalies may assist in surgical and treatment 
planning for prostate cancer or BPH. 


MRI 


Multiplanar MR imaging is the best modality for identifying 
and differentiating Wolffian abnormalities, given its superior 
soft tissue contrast and anatomical detail. MR also mini- 
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mizes ionizing radiation exposure, although it is more time 
and labor intensive when compared to CT, as well as more 
expensive. The MR findings will depend on the Wolffian 
duct anomaly; however, seminal vesicle cysts will have simi- 
lar MR appearance to Mullerian duct cysts, although the 
aspirate from seminal vesicle cysts would contain spermato- 
zoa. Seminal vesicle cysts are T2 hyperintense and may have 
variable T1-weighted intensity related to the proteinaceous 
content of the cyst. Similarly, blind-ending ureteral remnants 
may also be preferentially identified on MR, given its supe- 
rior soft tissue resolution, and may have intraluminal T2 
hyperintensity and variable T1l-weighted signal similar to 
seminal vesicle cysts (Fig. a, b). 


CT 


CT imaging, including CT urography, can be used to identify 
renal anomalies as well as seminal vesicle cysts; however, 
the soft differentiation is inferior to MR and anatomic rela- 
tionships may be more difficult to establish with CT. TRUS 
of the prostate can define prostatic anatomy and confirm the 
cystic nature of pelvic masses, including the size and loca- 
tion (Fig. ). Abdominal sonography can also identify 
concomitant renal anomalies. 
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Prostatic Calculi 


Prostatic calculi are a common finding in men and may for 
the most part be completely asymptomatic and otherwise 
found during routine workup for other prostate-related dis- 
eases. The incidence is unknown but noted to be 7% on path- 
ological specimen, 20% on autopsy, and 30% on abdominal 
radiograph and thought to be higher on sonographic studies 
[49]. A study of 300 prostates from autopsies from 
Søndergaard and colleagues found calculi in 99% with a 
greater number and size with age [50]. Prostatic calculi can 
be classified as true or false depending on their etiology. 
Calculi that form in the tissues or acini of the prostate glands 
are considered true prostatic calculi. Secondary or false pros- 
tatic calculi are those that may form in the kidneys, ureters, 
bladder, or diverticula of the urethra and migrate into the 
region of the prostatic urethra. Additionally, false calculi 
may develop after an abnormal connection between the pros- 
tate and urethra develops. It is believed they form after a cal- 
careous substance deposits on corpora amylacea. The 
corpora amylacea convert calcium phosphate and calcium 
carbonate into calculi. Prostatic calculi tend to be less than 4 
mm, and multiple calculi are typically present. Patients usu- 
ally have presenting symptoms associated with BPH or pros- 
tatitis. The calculi can act as a nidus for bacteria preventing 


Fig.6.10 (a) Coronal T2-weighted small field of view MR in a patient 
with congenital absence of the right kidney, distal ureteral remnant with 
suspected ectopic insertion on the right ejaculatory duct with uretero- 
cele, and seminal vesicle cyst. (b) Axial T1-weighted precontrast image 


in this patient at the level of the ectopic insertion of the ureteral remnant 
demonstrates the increased Tl-signal within these dilated structures, 
consistent with proteinaceous contents. 


PROSTATE 


(a) Pelvic sonogram in a 20-year-old male with right lower 
quadrant pain extending into the scrotum demonstrates a cyst to the 
right of the prostate gland, consistent with a seminal vesicle cyst. (b) 
Follow-up CT urogram in the same patient demonstrates ipsilateral 
renal agenesis, ipsilateral ejaculatory duct obstruction, and seminal 
vesicle cyst (Zinner syndrome). 


resolution of prostatitis with antimicrobial therapy [51]. It 
has been shown that the larger the stone, the greater the 
severity of LUTS. The majority of prostatic stones are clini- 
cally silent and do not require intervention. When prostatic 
stones do produce severe obstruction by causing compres- 
sion of the prostatic urethra, surgery may be required. 
Options include transurethral stone removal, open prostatoli- 
thotomy, and radical prostatectomy. A small study by 
Shoskes et al. of 16 men with CPPS refractory to multiple 
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Axial CT image without contrast shows bilateral central 
prostate calcifications/stones 


medical therapies was given a 3-month trial of daily supposi- 
tory of 500 mg tetracycline, a vitamin, and ethylenediamine- 
tetraacetic acid. 80% of the patients experienced greater than 
25% improvement in symptoms. Ten patients underwent 
transrectal ultrasound following the 3-month treatment, and 
half of them showed a decrease in size or resolution of the 
prostatic calculi [52]. 


Imaging 


Prostatic stones appear hyperechoic on transrectal or pelvic 
ultrasonography (Fig. ). On abdominal radiograph, the 
stone will appear radiopaque above the pubic symphysis in 
patients with BPH. Prostatic calculi will appear radiopaque 
on CT scan. All three of these entities are generally ordered 
for the workup of another pathological process with prostatic 
calculi being an incidental finding. Rarely do prostatic cal- 
culi when diagnosed require intervention as a sole pathologi- 
cal finding not associated with other symptoms. 
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Prostate Biopsy: Ultrasound 


Michael Lao, Pat F. Fulgham, and Bruce R. Gilbert 


Introduction 


The urologist is uniquely qualified by training and experi- 
ence to perform and interpret the transrectal ultrasound 
(TRUS) study of the prostate. TRUS enhances patient care 
by providing a minimally invasive procedure that gives real- 
time information for rapid and accurate diagnosis or feed- 
back to modify interventions. The goal of this chapter is to 
assist the physician in maintaining a high degree of profi- 
ciency in performing, interpreting, and documenting the 
transrectal ultrasound study and biopsy of the prostate. 


Developmental Anatomy 
Bladder and Urethra 


The urogenital sinus is the embryonic structure that ultimately 
gives rise to the bladder, prostate, and majority of the urethra 
(Fig. 7.1). It is a structure of endodermal origin and develops 
from the cloaca as it is divided into anterior and posterior 
chambers by the ingrowth of mesoderm by week 7 of develop- 
ment. The anterior portion of the cloaca becomes the urogeni- 
tal sinus and the posterior becomes the hindgut, or rectum. 
During the eighth week of development, the bladder forms 
from the superior portion of the urogenital sinus. The middle 
and lower portions of the urogenital sinus are also of endoder- 
mal origin and form the posterior (prostatic and membranous) 
urethra. The anterior portions of the urethra develop from both 
endodermal (pendulous and bulbar urethra) and ectodermal 
(fossa navicularis and meatus) origin. 
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The bladder is an extraperitoneal structure centrally posi- 
tioned in the pelvis with three fixed landmarks important in 
bladder ultrasound: 


1. The bladder base or trigone. 

2. The ureters, which enter the trigone approximately 2 cm 
lateral to the midline on each side. 

3. The bladder neck which is seen as a slightly open funnel 
at the base of the bladder. 


Identification of these landmarks allows for descriptive 
interpretation of prostate pathology as well as localization 
for TRUS biopsy. 


Prostate and Accessory Glands 


The seminal vesicles are of mesodermal origin. They differ- 
entiate during the 12th week of embryonic development 
from the mesonephric (Wolffian) ducts. The verumontanum 
is the location where the mesonephric ducts open into the 
urogenital sinus (Fig. 7.2). The prostate has both an endoder- 
mal and mesodermal origin. The endodermal glandular ele- 
ments differentiate from the prostatic portions of the 
urogenital sinus during the 12th week. The stroma and 
smooth muscle differentiate from mesodermal cells under 
the influence of dihydrotestosterone (DHT). The 12th week 
is also punctuated by the genesis of the bulbourethral 
(Cowper) and urethral (Littré) glands, which differentiate 
from protrusions along the urethra (endodermal). 

The prostate is a retroperitoneal structure lying anterior 
to the rectum and inferior to the bladder and it is separated 
from the rectum by an obliterated peritoneal plane called the 
Denonvilliers fascia. Lateral to the prostate are the levator 
ani and obturator internus muscles. 

The “prostatic capsule” is not a true fibroelastic capsule, 
but rather composed of periprostatic fat and stroma. This 
periprostatic fat can be seen as a distinct boundary and is 
well visualized with ultrasound. 
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Fig. 7.1 Embryonic bladder Ureter 
and relationships with the 
ureters, male reproductive 
structures, and urethral 
components 
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Bladder Vasculature 
The prostate and seminal vesicles are supplied by the ante- 
Vas deferens rior division of the internal iliac artery, mainly by the infe- 
Ampil rior vesical, internal pudendal, and middle rectal arteries 
(Fig. 7.3). The seminal vesicles are also supplied by a 
, pies branch of the superior vesicle artery, the vesiculo-deferen- 
vesicle f 
Ejaculatory tial artery. 
pe Prostate 
pom es Bulbourethral 
glans (cowper's} Prostate Zonal Anatomy 
Membranous 
urethra From an ultrasound perspective, the prostate is divided into 
four zones (Fig. 7.4). Three of which are glandular (central, 
lede glans transition, and peripheral zones) and one is nonglandular 
caren) (anterior fibromuscular stroma, AFS). 

The central zone regresses with age and is often difficult 
to identify on ultrasound. The periurethral transition zone 
increases in size with age and is a major contributor to benign 

Pnculoa ss prostatic hyperplasia (BPH). The surgical “capsule” is the 
urethra plane between the peripheral and central/transition zones. It 


Fig. 7.2 The prostate and accessory glands of the urethra 


is this plane in which the central and transition zones are 
removed during a simple prostatectomy for BPH. The nong- 
landular zone, the anterior fibromuscular stroma (AFS), is 
located entirely anterior to the urethra. 

Understanding prostatic zonal anatomy is important for 
understanding disease distribution and biopsy consider- 
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Fig. 7.3 Arterial supply to J 
the prostate, bladder neck, S 
and prostatic urethra 


Inferior 
vesicle 
artery 
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Urethral group 
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Capsular group 
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ations. Furthermore, it is invaluable for understanding the 
ultrasound appearance of the prostate. 


Prostate Orientation 


The standard orientation for TRUS of the prostate in the sag- 
ittal longitudinal view places the anterior prostate at the top 
of the screen and the posterior prostate at the bottom of the 
screen (Fig. 7.5). The base of the prostate is at the bladder 
neck (which lies to the left side of the screen), while the apex 
is where the prostatic urethra meets the membranous/bulbar 
urethra (to the right side of the screen). The image is oriented 
as if the observers were positioned to the right of the patient, 
looking through them in the sagittal plane. The standard 
transverse/axial ultrasound orientation is more similar to the 
CT or MRI appearance with the anterior prostate at the top of 
the ultrasound display and the posterior prostate at the bot- 
tom, but MRI and TRUS axial planes may not be synony- 
mous, given axial may be defined in terms of the prostate or 
the pelvis, and end-fire TRUS axial is actually a fan-beam, 
with different off-axial axes and angles from base to apex of 
prostate. The right side of the prostate is on the left side of 
the screen and left side of the prostate is on the right side of 
the screen. This view is oriented as if the observers were 
positioned at the patient’s feet looking up (through them) in 
cross section. 
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Clinical Interpretation 


Patient Concerns 


Our patients often present for prostate ultrasound with much 
trepidation or anxiety about the exam or findings, especially 
for biopsy. It is essential to understand patients’ concerns 
and make every effort to address them. Patients appreciate 
advance preprinted information about the ultrasound exami- 
nation. The educational brochure might include a discussion 
of the procedure, preparation prior to the exam, what they 
might feel during the exam as well as postprocedural 
instructions. 

The examination is conducted in a warm room where 
patient privacy is maintained. Traffic in and out of the room 
is kept to a minimum during the procedure. All equipment is 
readied prior to the patient entering the room, to ensure the 
procedure proceeds as rapidly as possible, and to minimize 
anxiety. 


Equipment Maintenance and Preparation 


Transrectal ultrasound is a procedure that mandates disinfec- 
tion of all nondisposable equipment between patients. 
Biopsies should only be done with disposable single-use 
needles, guides, or transducer covers. Nonlatex covers 
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Fig. 7.4 Schematic of the 
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should be considered, given the incidence and risk of aller- 
gies to latex. The physician should document (in a procedure 
manual or standard operating procedure -SOP) policies for 
prevention of infectious disease, cleaning and disinfection of 
ultrasound transducers, and a policy for equipment mainte- 
nance and calibration. Manufacturer guidelines should 
always be followed. Patient complications should be docu- 
mented and logged. 

Clusters of infectious complications or bleeding should 
be investigated for protocol violation, equipment failure, or 
variations in resistant bacteria prevalence and antibiotic pro- 
phylaxis coverage spectrums. 


Verumontanum Central 


Periurethra 
glandular 
area 
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Normal Imaging 


Echogenicity depends upon echo levels returning from a 
source. In ultrasound, sound waves are created and the tissues 
the sound waves encounter can either reflect back or transmit 
the waves, to varying degrees. It is this characteristic that 
allows us to image the interrogated tissue. Standard terminol- 
ogy use is important to describe ultrasound findings: 


1. Hypoechoic is darker and appears black on ultrasound. 
2. Hyperechoic is brighter and appears whiter on 
ultrasound. 
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Fig. 7.5 Prostate orientation mimicking typical sagittal ultrasound 
view with the bladder to the left and the apex of the prostate to the right 


3. Isoechoic is similar in echogenicity to the adjacent 
reference. 

4. Anechoic is without echoes, and also appears black on 
ultrasound. 

5. Homogeneous is of uniform echogenicity. 

. Heterogeneous is of mixed echogenicity. 

7. “Enhanced through-transmission” is brighter at the far 
wall, beyond a dark or cystic lesion. 


lon 


High water content makes tissues appear hypoechoic, 
while high fat content makes tissues appear hyperechoic. 
Unlike renal and abdominal ultrasounds where the liver is 
usually used as the benchmark for comparisons of 
echogenicity, prostatic ultrasound does not include the liver, 
and thus the left and right sides of the gland (and well as the 
PZ to the non-PZ) should always be compared to each other 
(Fig. 7.6). 


The Adult Prostate 


The young male prostate is homogenous, and the different 
zones of the prostate are often difficult to discern from each 
other. The “sonographic capsule” can be identified due to the 
impedance difference between the prostate and surrounding 
fat. The quality of transrectal ultrasound images is often 
improved by having the patient defecate prior to the exam to 
reduce feces and gas in the rectal vault and by having the 
bladder partially filled. Some advocate enema prior to cer- 
tain TRUS. The prominence of the urethra (U) is related to 
the surrounding low reflectivity of urethral muscles (Figs. 7.6 
and 7.7). 

In the young male, the peripheral zone (PZ) is often 
hyperechoic compared to the central zone (CZ) and transi- 
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Fig. 7.6 The adult prostate. The top panel represents a transverse view 
and the bottom a longitudinal view. The transition zones (TZ), periph- 
eral zones (PZ), anterior fibromuscular stroma (FS), seminal vesicle, 
and urethra (U) are indicated. The calipers are placed on the dimensions 
of the transition zone. Notice the symmetric echogenicity of the left and 
right sides in the top panel. Also note the “surgical capsule” can be seen 
as a demarcation between the TZ and PZ in the top panel 


Fig. 7.7 The prostate in a 35-year-old male (top panel) and 65-year- 
old male (bottom panel). Note the prominence of the transition zone in 
the older male in the bottom panel 
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tion zone (TZ). The CZ and TZ are often difficult to differen- 
tiate from each other, and the fibromuscular stroma (FS) is 
positioned anterior to the urethra. 

In the older male often with BPH, the glandular and stro- 
mal elements enlarge, increasing the size of the TZ and occa- 
sionally the PZ. The TZ is generally distinguishable from 
other zones while the CZ is difficult to visualize (see Fig.7.7). 

The base of the prostate is located at the superior aspect of 
the prostate contiguous with the bladder neck. The apex of 
the prostate is also located at the inferior aspect of the 
prostate, continuous with the striated muscles of the external 
urinary sphincter (see Fig. 7.5). 


Scanning Protocol 


A systematic scan will ensure that a comprehensive exami- 
nation is performed and appropriately documented. A high- 
frequency (7.5—10 MHz) transducer is usually used, although 
this may vary from 5 to 29 MHz in standard clinical systems. 
This can most commonly be a biplanar or a single-plane 
transducer. There is also available a side or end firing probe 
that can be used based on surgeon preference and experi- 
ence. The term “side fire” refers to the location of the ultra- 
sound imaging elements on the side of the transducer, and 
not the ability to biopsy through the transducer, firing the 
needle to the “side.” 

The patient is conventionally examined in the left lateral 
decubitus position with his legs flexed in the knee-to-chest 
position. It is essential to perform a digital rectal exam prior 
to insertion of the ultrasound probe. Any pain, tenderness, 
rectal stricture, mass, lesion, and/or bleeding that is encoun- 
tered when performing the rectal exam or when inserting the 
probe requires focused assessment and might preclude 
TRUS. 

The following represents one author’s protocol for scan- 
ning the prostate. It should be viewed as a guide and modi- 
fied as the physician deems appropriate. It is important to 
develop one own’s protocol and follow it, in order to ensure 
accuracy and consistency. TRUS protocols may vary accord- 
ing to ultrasound equipment used, with the biggest differ- 
ence being end-fire or side-fire transducers (or both). 


TRUS Protocol 


After probe insertion, perform a “survey” scan of the pros- 
tate from base to apex including the seminal vesicles and 
rectal wall. This provides the sonographer with an overview 
of the prostate and surrounding structures and allows for the 
development of a “road map” for more detailed evaluation. 
The seminal vesicles are then examined in the transverse 
plane for comparative evaluation of echogenicity and mea- 
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surements of seminal vesicle height and ampulla (vas defer- 
ens) diameter. Next in the mid-prostate, transverse images of 
the prostate are examined to obtain anterior-posterior (AP) 
and width measurements. If using a biplanar probe, the 
length measurement can also be obtained from the midsagit- 
tal longitudinal view. If not using a biplane probe, then obtain 
a midsagittal longitudinal image for the length measure- 
ment. Prostate volume, predicted prostate-specific antigen 
(PPSA), and prostate-specific antigen density (PSAD) can 
then be calculated usually by formulas already programmed 
in the ultrasound machine. 

Continue the exam in the transverse plane, obtaining 
appropriate image documentation of both base and apex 
views. The sonographer should then rotate the probe (or 
switch views if using a biplanar probe) into a longitudinal 
plane to slowly scan the prostate from the levator ani on the 
left to the levator ani on the right. Depending on the field of 
view and size of the prostate, this may need to be done at 
several positions along the axial length of the prostate. 
Oftentimes, there may be a need to angle the probe up to 
examine the right side of the gland and down to examine the 
left side of the gland if the patient is in left lateral decubitus 
position. Images of the right lateral longitudinal, left lateral 
longitudinal, and midsagittal planes should be captured for 
documentation. For the midsagittal view, it is important to 
have the anechoic lumen of the urethra in the center of the 
ultrasound screen. The presence of an intravesical “median 
lobe” protrusion of the prostate should be noted and quanti- 
fied. In addition, the presence and size of a middle lobe of the 
prostate should also be noted. 

As in many urologic applications of sonography, color or 
power Doppler can add valuable information. Inflammatory 
disease processes result in increased vascularity that is well 
demonstrated with transrectal ultrasound. In addition, the 
sensitivity for the detection of neoplastic processes can be 
increased with the use of color or power Doppler [1]. 
Therefore, the sonographer should document the vascularity 
of the gland and any abnormal vascular patterns. Vascularity 
should be compared to the background gland vascularity, as 
Doppler gain can be adjusted, and hypervascular lesions can 
be subtle. Doppler attention should be directed towards any 
gray-scale lesions postulated, with adjustment up and down 
of the Doppler gain knob in order to best detect subtle differ- 
ences. Make sure to label and document each view. Doppler 
may also differentiate adjacent vessels from lymph nodes, 
which are vital before biopsy of periprostatic nodes. 

The bladder should also be evaluated with measurements 
of the wall thickness, size, and location of any diverticula, 
calculi, or other abnormalities. Again, color Doppler adds 
another dimension. Ureteral jets can be evaluated with color 
or power Doppler confirming patency of the ureteral orifices. 
If present, note the caliber of any dilated distal ureters. 
Bladder volume and postvoid residual (PVR), if appropriate, 


7 Prostate Biopsy: Ultrasound 


should also be measured and documented. Commercial deep 
learning modules exist for automatic volume measurements. 

The rectal wall thickness must be evaluated and docu- 
mented, as well as any other notable findings. The appear- 
ance of rectal abnormalities (Fig. 7.8) should be documented 
and should prompt referral to the appropriate medical spe- 
cialist. This should be done prior to any administration of 
lidocaine. 

The following are suggested images that should be 
obtained. Documentation may be required for certain reim- 
bursements. They should be saved in a permanent medium, 
such as PACS, appropriately labeled, and attached to the 
written or electronic report: 


1. Transverse view of the prostate at the base 

2. Transverse view of the prostate at mid-gland with the 
mid-transverse anterior-posterior and width measure- 
ments indicated on the image (biggest possible image 
near mid-gland) 


Fig. 7.8 A 62-year-old male with BPH found to have rectal mass. The 
mass is demonstrated as a thickening of the rectal wall on TRUS. The 
lower arrows on each panel point to the mass 
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3. Transverse view of the prostate at the apex 
Transverse view of both seminal vesicles 
5. Transverse view of the bladder with the mid-transverse 
anterior-posterior and width measurements indicated on 
the image 
6. Longitudinal (sagittal) view of the prostate at midplane 
with the midsagittal longitudinal measurement indicated 
on the image 
7. Longitudinal (sagittal) view of right side 30° to 45° from 
midline 
8. Longitudinal (sagittal) view of left side 30° to 45° from 
midline 
9. Longitudinal view of each seminal vesicle 
10. Longitudinal view of the bladder with the midsagittal 
longitudinal measurement indicated on the image 
11. Record and document any hypoechoic regions, masses, 
nodes, hypervascular regions, suspicious calcifications, 
dominant cysts, or capsular involvement of suspected 
lesions encountered 


P 


Proper documentation of the ultrasound evaluation is an 
essential part of the examination. The goal is to provide a 
report that depicts what was observed and documents the 
features supporting the observations. Images should be phys- 
ically or electronically attached to the examination for subse- 
quent review and comparison. Ideally such pictorial record 
should be saved in the electronic medical record, such as on 
a PACS. 

The report should include: 


1. Patient identification 

2. Date of examination 

3. Measurement parameters and anatomical findings of the 
examination 

4. The indication for performing the examination is clear 
and provided on the report 


Images should include the following: 


1. Patient identification 

2. Date and time of each image 

3. Clear image with clearly labeled orientation and 
measurements 

4. Labeling of anatomy and any abnormalities 

5. Images should be linked or attached to the report 


Disinfection of Probes 


An important aspect of patient safety is the disinfection of 
the ultrasound probes. Guidelines for disinfection are 
beyond the scope of this chapter, but in general operators 
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should encourage facilities to become familiar with the 
most recent guidelines, regulations, practices, and regula- 
tory statements on this rapidly evolving important safety 
topic. Frequent review of SOPs should be performed. 
General terms follow below that may or may not reflect the 
most recent guidelines or practices and should not be taken 
as final or up to date. 

Low-level disinfection is for probes that come into con- 
tact with intact skin such as those used for renal and bladder 
ultrasound. Intermediate-level disinfection is used for some 
critical and some noncritical indications and includes trans- 
ducers used for ultrasound of the scrotum. High-level disin- 
fection may be for semicritical items that come in contact 
with mucous membrane or intact skin. This might include 
transvaginal and transrectal ultrasound when no biopsy is 
performed. Critical-level disinfection might be used on 
materials that will enter tissues or when blood will flow 
through or in contact with them. Some advocate for highest- 
level disinfection for TV and TRUS transducers, since one 
cannot always be sure of the presence of small amounts of 
blood or infectious materials. This would include intraopera- 
tive transducers as well as endorectal probes with biopsy 
guides and their attachments. Manufacturer’s recommenda- 
tions as well as hospital accreditation (Joint Commission or 
Infectious Disease body or Hospital Epidemiology, AORN) 
and regulatory bodies (such as the USFDA) must be fol- 
lowed. This is a rapidly evolving space so the reader is 
strongly advised to verify local practices and consult regula- 
tory guidelines. 


Indications for Prostate Ultrasound 


Indications for prostate ultrasound are listed in Tables 7.1 
and 7.2. It should be emphasized that these indications do 
not include routine screening. 


Measurement of Prostate-Specific Antigen 
Density (PSAD) 


Benign prostatic hyperplasia (BPH) occurs in older men and 
results in a rise in prostate- specific antigen (PSA) not related 
to prostate cancer. PSAD is the serum PSA (ng/ml) level 
divided by the volume of the prostate in cm? as determined 
by TRUS. With most ultrasound software packages, the 
sonographer inputs the PSA and then measures the prostate 
dimensions with the calculation performed electronically. In 
benign disease such as BPH, the PSAD should not be greater 
than 0.15 ng/ml/cm?. PSA levels exceeding 0.15 ng/ml/cm? 
may indicate the need for further evaluation but may be 
somewhat nonspecific. 
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Table 7.1 Indications for prostate ultrasound 

1. Measurement of prostate volume for determination of PSA 
density 

2. Abnormal digital rectal exam 

3. Prostatic assessment with sonographic or fusion controlled 
biopsy 

4. Cysts 

5. Evaluation for and aspiration of prostate abscess 

6. Assessment for suspected congenital abnormality 

7. Lower urinary tract symptoms 

8. Pelvic pain 

9. Prostatitis/prostadynia 

10. Hematospermia 
11. Infertility 

(a) Azoospermia 
(b) Low-volume or poorly motile specimen 
(c) Cysts 
(d) Hypoplastic or dilated seminal vesicle 
(e) Impaired motility 
(f) Antisperm antibodies 


Table 7.2 Indications for transrectal ultrasound-guided biopsy 


1. To investigate an abnormal PSA or DRE, or MRI abnormality 

2. To follow up a biopsy with inconclusive or premalignant findings 
(e.g., ASAP, HGPIN) 

3. To repeat a biopsy for patients diagnosed with prostate cancer and 
managed by active surveillance 

4. To diagnose local recurrence after primary treatment for prostate 
cancer 


Congenital Abnormality 


Prostatic Cysts, Urethral and Millerian Cysts, 
and Seminal Vesicular Cysts 


Most prostatic cysts are benign. The location often defines 
the etiology (Fig. 7.9). Miillerian cysts do not communicate 
with the urethra, while utricle cysts are the fused caudal ends 
of the Miillerian ducts or urogenital sinus remnant and can 
communicate with the urethra. As with prostatic cysts, semi- 
nal vesicle cysts are suspected when ejaculate volume is low. 
They can also be seen with adult polycystic kidney disease. 


Lower Urinary Tract Symptoms (LUTS) 


TRUS is often used in the evaluation of lower urinary tract 
symptoms (LUTS) to evaluate prostate size, PVR, and evidence 
of lower urinary tract inflammation. However, controversy 
exists as to whether the measurements of the prostate and of the 
residual urine obtained through TRUS correlate with the patient 
symptoms [2]. Therefore, caution should be used in interpreta- 
tion of the information obtained with TRUS in this scenario. 
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Chronic Prostatitis/Chronic Pelvic Pain 
Syndrome/Abscess 


Evaluation of chronic prostatitis or persistent pyuria can be 
assisted by TRUS. Granulomatous prostatitis has an appear- 
ance that generally includes multiple diffuse hypoechoic 
regions in multiple prostate zones; this appearance may also 
be seen in diffuse prostatic carcinoma. Occasionally, a focal 


Fi Prostate cyst 
demonstrated in the midline 
prostate with transverse (left 
panel) and longitudinal (right 
panel) views. The cyst is 
anechoic and has well- 
demarcated walls, and the 
tissue on the opposite side of 
the cyst from the transducer 
has an increased echogenicity 
consistent with increased 
through-transmission 
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hypoechoic area will be found to contain granulomatous 
prostatitis during TRUS biopsy (Fig. J, 

Prostatic abscesses have characteristic features that 
include a hypoechogenic appearance, increased peripheral 
vascularity with a loss of vascularity in the interior of the 
lesion, and a location usually within the central and transi- 
tional zones of the prostate. Inhomogeneous debris may be 
demonstrated within the hypoechoic abscess, and may 


Prostate inflammation and abscess demonstrated as hypoechoic areas with regions of internal echoes 
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appear as hypo-iso-or hyper-echoic. Transrectal ultrasound- 
guided needle aspiration or a transurethral resection can be 
used to treat the condition [3]. 


Hematospermia 


Transrectal ultrasonography has played an increasingly 
important role in the evaluation of men with hematospermia. 
Hematospermia is a rare condition but can cause great con- 
cern among men who experience it. Although often thought 
to be a benign condition, it can on rare occasions be the first 
presenting sign of an underlying urologic disease or malig- 
nancy. It is more commonly seen after biopsy, as a result of 
biopsy. 

Several studies have evaluated the utility of TRUS in the 
investigation of patients with chronic hematospermia. In a 
study of 52 patients, Etherington et al. found a significant 
number of patients with prostatic calculi and abnormalities 
of the seminal vesicles, including calculi, dilatation, and 
cysts [4]. 

Additionally, Worischeck et al. [5] reported on the evalu- 
ation of 26 patients with hematospermia using TRUS. They 
found abnormalities in 92% of patients, which included 
dilated seminal vesicles (30%), ejaculatory duct cysts (15%), 
ejaculatory duct calculi (15%), seminal vesicle calculi 
(15%), and Miillerian duct remnants (7%). 

Vascular anomalies including telangiectasia and varices 
have also been found on ultrasound in patients presenting 
with hematospermia. 


Infertility: Azoospermia 


There are specific indications for TRUS in the evaluation of 
the subfertile male. Suspicion is raised when men present 
with: 


1. A low-volume ejaculate 

2. A fructose-negative ejaculate 

3. Pain on ejaculation 

4. Urinary complaints of: 
(a) A decreased force of the urinary stream 
(b) Pain on urination 
(c) History of urinary tract infections 


The presence of atrophic or dilated seminal vesicles, ejac- 
ulatory duct cysts, dilated seminal vesicles, and utricle or 
Miillerian cysts may be demonstrated by TRUS. The pres- 
ence or absence of these findings may help direct therapy. 
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Prostate Biopsy for the Diagnosis of Prostate 
Cancer 


Indications 


Frequently, transrectal ultrasound-guided biopsy (TRUS-Bx) 
of the prostate is performed for an elevated PSA, an abnor- 
mal digital rectal examination, or a highly suspicious MRI 
finding. Repeat biopsy for patients on active surveillance is 
another common indication for TRUS-Bx. When prior TRUS 
biopsy was performed with fusion mapping, repeat TRUS 
biopsy in active surveillance may be guided to the location of 
prior positive biopsy. This may be performed with fusion 
mapping High-grade prostatic intraepithelial neoplasia 
(HGPIN) and atypical small acinar proliferation (ASAP) on 
initial biopsy are considered by many to be indications for 
immediate or planned repeat biopsy [6, 7]. 

TRUS-Bx may also be performed for a rising PSA after 
initial therapy. In the case of a patient with a rising PSA after 
radical retropubic prostatectomy, ultrasound and biopsy of 
the prostatic fossa or the vesicourethral anastomosis may be 
used to diagnose local recurrence [8, 9]. After radiation ther- 
apy, HIFU, focal laser ablation, or cryotherapy, TRUS-Bx 
can also be employed to diagnose local treatment failure. 


Ultrasound Findings 


Regardless of the indication, ultrasound imaging plays a 
critical role in prostate biopsy. While needle guidance is a 
primary function of the ultrasound portion of the exam, any 
biopsy of the prostate 

should begin with a thorough diagnostic ultrasound sur- 
vey. The sonographic characteristics of prostate cancer and 
the zonal distribution of cancer are well characterized. It is 
clear that prostate cancers do not have a uniform pattern of 
echogenicity to allow for accurate diagnosis on the basis of 
echogenicity alone. Approximately 70% of prostate cancers 
will appear hypoechoic on ultrasound; however, microscopic 
cancers may be completely inapparent and indistinguishable 
from surrounding normal prostate tissue (Fig. 7.11). While 
~75% of cancers are in the peripheral zone, at least ~20% 
may be in the transition zone, and another ~5% in the central 
zone (Fig. 7.12). 

The increased microvasculature associated with some pros- 
tate cancers is too subtle to be routinely appreciated by con- 
ventional scanning with a 7.5 MHz probe with nonexpert 
readers. However, increased regional blood flow associated 
with some prostate cancers is demonstrable with Doppler or 
power Doppler flow studies. Intravascular ultrasound contrast 
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agents may further facilitate identification of increased blood 
flow, but are not currently FDA-approved for prostate ultra- 
sound [10]. 

While echogenicity provides clues to the location of pros- 
tate cancer, there are secondary findings which are valuable. 
For instance, deflection of the layer of corpora amylacea 
between the transition zone and peripheral zone (Fig. 7.13), 
asymmetry of the prostate, bulging of the prostatic capsule, 


Ultreasound appearance of prostate cancer 
lesions 


I Hypoechoic 


I Isoechoic 


Hyperechoic 
5% 


Fig.7.11 Distribution of the various sonographic appearances of pros- 
tate cancer lesions 


Zonal location of prostate cancer lesions 


I Peripheral Zone 
I Transition Zone 


Central Zone 


5% 


Fig. 7.12 Distribution of prostate cancer among the various zones of 
the prostate 


Fig. 7.13 Hypoechoicism with deflection of the junction between the 
transition zone and peripheral zone. The arrows demonstrate the 
upward deflection of the corpora amylacea 
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and increased regional blood flow are sonographic signs that 
prostate cancer may be present (Fig. 7.14). Likewise, 
3-dimensionality of a volumetric lesion is more suspicious 
than a 2-dimensional “linear band” finding that appears 
hypoechoic only on axial or only on sagittal views, with lin- 
ear and without convex borders. 

The appearance of prostate cancer is variable. 
Multiparametric ultrasound-guided biopsy (e.g., blood flow 
if Doppler capability is present) should be used to take 
advantage of all available visual information to maximize 
diagnostic yield from biopsy, since ultrasound and Doppler 
portions of the exam may have variable or subjective inter- 
pretation, dependent upon the visual skillset and experience 
of the operator. 


Patient Preparation 
Informed Consent 


The initial step in patient preparation should be to obtain 
informed consent for shared decision making. In addition to 
a discussion of potential adverse medical outcomes, the 
patient should be informed that there is a false-negative 
biopsy rate of 10-27% [11, 12]. Additionally, they should 
know that the diagnosis of small or clinically insignificant 
cancers may lead to treatments with significant morbidity. 
Complications can range from minor to life threatening with 
a risk of hospitalization of 1-3%. 


Discontinue Anticoagulants 


e Aspirin or aspirin-like products (NSAIDS), anticoagu- 
lants (vitamin E, dipyridamole, warfarin, clopidogrel, 
etc.), and all herbal supplements (fish oil, chondroitin sul- 
fate, etc.) are usually discontinued for 5—7 days before 
biopsy, when risk to benefit ratio allows. These substances 
should not be restarted for 24 hours after the procedure or 
until all bleeding has stopped. Some reports have sug- 
gested that low-dose aspirin (75—150 mg per day) may not 
increase bleeding risk [13—15]. Continuation of antiplate- 
let agents appears safe with no significant differences in 
minor bleeding episodes. Data regarding warfarin or clop- 
idogrel are too limited to draw definitive conclusions; 
however, most clinicians recommend holding these anti- 
coagulants 5-7 days prior to biopsy. The clinical risk 
associated with discontinuing anticoagulants will need to 
be weighed against the potential risk of bleeding after 
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Fig. 7.14 Secondary 
sonographic findings 
suspicious for prostate cancer 


Lobar 
asymmetry 


Increased regional 
blood flow 


biopsy. It is worth mentioning to the patient that transient 
hematuria or hematospermia can be expected after biopsy. 
The risk of hematuria is 50% and that requiring interven- 
tion is <1%. The risk of rectal bleeding is 30% and that 
requiring intervention is 2.5% [16]. Thus reassurance as 
to the expectations for these problems is in order, along 
with guidance on when to worry or contact the team, such 
as when clots prevent urination or prolonged bright red 
bleeding with light headedness. 


Preparation of Rectal Vault 


Rectal enema prior to biopsy remains controversial [17]. 
Although there is not universal agreement about the value 
of a cleansing enema with regard to subsequent infection, 
possible benefits include improved image quality by 
removal of stool burden, reducing bacterial load and gas 
from the rectal vault. Options include instructing the 
patient to administer a Fleet® enema 2-3 hours prior to 
the biopsy or to have a bowel movement prior. Jeon et al. 
demonstrated a decreased risk of infectious complications 
after TRUS-Bx for those patients who had rectal prepara- 
tion via suppository (1.3%) compared to those who did 
not have a preparation prior to biopsy (9.5%) [18]. Lindert 
et al. found that significantly more patients who had 
developed bacteremia after TRUS-Bx had no rectal vault 
preparation in a group where patients were randomized to 
receive phosphate enemas or no vault preparation prior to 
biopsy [19]. 


Prophylactic Antibiotics 


Infection (5—7%) can arise from the urinary tract and 
cause prostatitis, UTI, epididymitis, and sepsis (0.3- 
3.1%) [16]. Occasionally these infections can cause hos- 
pitalization and prolonged antibiotic therapy. Thus, it is 
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Deflection of junction 
between transition zone 
and peripheral zone 
Capsular bulging 


prudent to administer antibiotics prior to biopsy. However, 
in this era of frequent fluoroquinolone usage, resistant 
bacteria have emerged as a result. The most common 
cause of infection after TRUS-Bx is fluoroquinolone- 
resistant Escherichia coli [20]. In fact, cultures obtained 
from the rectum before biopsy has shown fluoroquinolone- 
resistant organisms 10-22% of the time [21], which can 
translate to a fourfold increased risk of infection 
[22-24]. 

Patient risk factors for infection need to be identified. The 
most common risk factor for post TRUS-Bx infection is 
exposure to antibiotics within 6 months of biopsy [25]. 
Other important risk factors include diabetes, travel 
abroad, immunosuppression, being a healthcare worker, 
and history of urologic infection. Recently there have 
been proponents of sampling the rectal flora for resistant 
organisms before biopsy [26]. In patients with a very high 
risk of infection or complications associated with infec- 
tion, consideration should be given to transrectal 
ultrasound-guided transperineal biopsy, which is becom- 
ing much more common, especially with demographics 
of high resistance prevalence or rates. Multidisciplinary 
local consensus should be sought with input from infec- 
tious disease experts as well as consultation with recent 
guidelines. 

The American Urological Association’s best practice pol- 
icy statement on urologic surgery currently recommends 
antimicrobial prophylaxis in all patients undergoing 
TRUS-Bx [27]. Fluoroquinolones, cephalosporins (first, 
second, and third generations) are antimicrobials of 
choice for TRUS-Bx unless a rectal swab culture is done 
prior, in which case culture-specific antibiotics should be 
used. Alternative antimicrobials include trimethoprim/ 
sulfamethoxazole, aminoglycosides, or aztreonam in 
patients with renal insufficiency [27]. Single dose therapy 
with 24-hour duration of therapy appears sufficient. 
Specific local antimicrobial resistance patterns should be 
considered in determining which antibiotics to use as well 
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as interval re-assessment to ensure compliance with 
evolving guidelines. 

e Perineal prostate biopsy has been recently increasingly imple- 
mented as another method for prostate biopsy with a mark- 
edly reduced risk for infection, because the rectum is avoided 
all-together [28]. Transperineal access should be used with a 
history of prior sepsis after TRUS transrectal biopsy. 


Urinalysis 


e Utility of prebiopsy urine culture remains controversial. 
There is no consensus evidence that the risk of significant 
clinical infection is higher in the setting of an abnormal 
urinary sediment [29]. However, in certain men with 
lower urinary tract symptoms or history of retention, con- 
sider obtaining urine study in men and any urinary infec- 
tion should be treated prior to biopsy. Local practices may 
vary with regard to prebiopsy labs. 


Fig. 7.15 Patient position 
and room setup for transrectal 
ultrasound-guided biopsy of 
the prostate 


Urologist 


Assistant 
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Patient Position and Analgesia 
Position 


For office TRUS-Bx, the patient may be placed in either the 
lateral decubitus position or lithotomy position. The lateral 
decubitus position allows the patient to assist with visualiza- 
tion of the prostate by varying the degree of hip flexion. 
Providing a monitor so the patient can watch the sonographic 
evaluation is often reassuring to the patient and helpful for 
explaining the findings. 

Once the patient is in a satisfactory position, table height 
should be adjusted to provide maximal ergonomic advantage 
to the examiner. The ultrasound machine should be posi- 
tioned so the urologist can make adjustments to maximize 
visualization of the image including adjusting the depth, 
brightness, focal zone depth, dynamic gain, and angle of the 
monitor (Fig. 7.15). The ultrasound image should be opti- 
mized by adjusting the dynamic gain to allow for a uniform 


Ultrasound 
machine 
Monitor for 
patient to observe 
procedure 


Patient 


Surgical 
tray 
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image, top to bottom of the monitor. Strategic placement of 
pads under the patient and on the floor to collect blood or 
body fluids associated with biopsy will facilitate cleanup 
between patients and minimize risk to those handling instru- 
ments and cleaning the room. A thorough digital rectal exam 
should be performed immediately prior to TRUS-Bx to dilate 
the rectal sphincter in anticipation of probe placement. 
Additionally, the examiner will recall the position and size of 
palpable abnormalities. Attention should be given to extent 
of disease, prostatic symmetry, and involvement of the semi- 
nal vesicles or adjacent pelvic structures. The presence of 
internal or external hemorrhoids is noted. The evaluating fin- 
ger should be directed posteriorly to assess for rectal lesions. 
Lidocaine jelly may be massaged into the prostate via tran- 
srectal DRE. 


Analgesia 


With smaller profile probes and the use of local anesthesia, it 
is possible to obtain a large number of biopsies with very 
little discomfort to the patient. The precise route by which 
the sensation of pain is transmitted during prostate biopsy is 
insufficiently understood. Pain may be induced by rectal dis- 
tention during probe placement, pain fibers in the prostate 
capsule or prostatic parenchyma, and efferent pain fibers 
associated with the bladder neck or urethra. Satisfactory 
analgesia may be achieved with intrarectal lidocaine gel or a 
combination of lidocaine gel and Dimethyl sulfoxide 
(DMSO) as described by Kravchick et al. [30]. Periprostatic 
infiltration with lidocaine at the prostato-seminal vesicle 
junction (PSVJ) is commonly employed to provide regional 
anesthesia during prostate biopsy (Fig. 7.16). Spread of lido- 
caine around the capsule near the PSVJ fatty triangle may be 
accomplished by adjusting the exact location of lidocaine 
infiltration via the 22G needle, especially important for 
larger prostates, Motion out will allow lidocaine to spread 


Fig. 7.16 Periprostatic infiltration with lidocaine at the junction of the 
seminal vesicle with the prostate in longitudinal view 


M. Lao et al. 


instead of collecting in focal pockets. Dragging the needle 
along the capsule of the prostate during removal (by slightly 
torqueing the transducer so that the needle drags towards the 
prostate capsule) is another trick to facilitate spread, since 
the neurovascular bundle is actually a web of nerves and not 
one nerve. 

A long 18-gauge needle may be used to infiltrate 15—20 cc 
of 1% or 2% Xylocaine into the prostato-seminal vesicle 
junction (bilaterally) where the neurovascular bundles run. A 
number of investigators have suggested modifications and 
alternatives including a single injection of 10 ml of 1% lido- 
caine in the midline between the Denonvilliers fascia and the 
periprostatic fascia from base to apex [31], combined peri- 
prostatic and periapical infiltrations [32], and combined peri- 
prostatic and intraprostatic infiltrations [33]. Cevik et al. [32] 
found that the elapsed time from infiltration to biopsy 
strongly correlated with decreased pain sensation as reported 
by the patient and recommended 15 minutes between infil- 
tration of analgesia and biopsy. 


Biopsy Technique 


The goal of any biopsy should be to obtain adequate tissue 
from the locations of highest cancer probability and the 
detection of clinically significant prostate cancers while min- 
imizing patient morbidity. The optimal technique for TRUS 
and biopsy of the prostate remains controversial. For primary 
biopsy of the prostate, most clinicians would choose a tran- 
srectal route employing systematic biopsy plus directed 
biopsies as indicated by findings from the ultrasound, mag- 
netic resonance imaging (MRI) (by fusion or cognitive esti- 
mates), digital rectal exam, or prior biopsies. No one 
systematic technique has proven substantially superior to the 
others. A typical sextant biopsy involves cores of the prostate 
from the base, mid, and apex from the right and left prostate, 
with medial and lateral subsextants, such that the lateral ones 
include more of the peripheral zone (Fig. 7.17). Cores taken 
from the lateral peripheral zones and apex reportedly have 
the highest statistical likelihood of containing cancer [34]. 
Adding apical and lateral sampling may increase cancer 
detection rates (CDR) and reduce need for repeat biopsies 
compared to fewer core systematic sextants. 

Earlier studies have shown sextant biopsies to have 
acceptable CDR. However, frequently on repeat biopsy, 
studies have discovered cancers not detected on the first sex- 
tant biopsy [35]. As a result of these studies, today’s 
TRUS-Bx protocols often employ 10-12 cores per biopsy 
without resultant increased patient morbidity. Higher CDRs, 
up to 33%, have been reported with extended-core system- 
atic biopsies when compared with conventional limited sex- 
tant biopsy [36, 37]. Extended sampling will also reduce the 
likelihood of requiring repeat biopsy by increasing the 
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Fig. 7.17 Prostate template 
biopsy obtaining 10-12 cores 
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negative predictive value (NPV). These extended protocols 
not only will obtain prostate tissue from the standard sextant 
location but also include other areas of the peripheral zone, 
transition zone, or anterior zones [38, 39]. In fact, the 
American Urologic Association and the National 
Comprehensive Cancer Network both recommend as a mini- 
mum, a 10-12 core biopsy [40, 41] during the initial work up 
of elevated PSA or abnormal digital rectal examination. 
While a 12-core strategy is the most commonly employed, 
keep in mind during performance of the biopsy, cores should 
also be directed toward areas of increased likelihood of can- 


cer based on sonographic findings, including the transition 
zone which has historically not been included in a standard 
systematic strategy. A “standard” systematic biopsy based on 
12 cores obtained from predetermined regions of the prostate 
without regard for the sonographic appearance of the gland 
is an atavism and should be considered of historical signifi- 
cance only. However, standard systematic template biopsy in 
absence of ultrasound findings may still sample systematic 
regions in a similar fashion. 

These cores are distributed to take maximum advantage 
of our understanding of the usual distribution of prostate 
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cancer and its most common sonographic appearance. It has 
been shown convincingly that systematic biopsies will dem- 
onstrate cancers that are visually inapparent. It has also been 
shown that directing biopsies to hypoechoic or hypervascu- 
lar areas of the prostate may yield a cancer diagnosis that 
would have been missed by systematic template biopsies 
alone (Fig. ) [42]. 

Obtaining an increased number of cores based on prostate 
volume may improve the positive biopsy rate and decrease 
the rate of false-negative biopsies in large glands [43]. A 
total of 10-12 cores for all size glands may not make statisti- 
cal sense for adequate sampling. Occasionally, there will be 
a palpable abnormality of the prostate that is not visible as an 
echogenic abnormality or as a disturbance in normal archi- 
tecture. In an early study by Renfer et al. [44] comparing 
sonographic to digitally directed biopsies, 12% of cancers 
were detected only by digital guidance. In cases when a pal- 
pable abnormality is not demonstrable by ultrasound, it may 
be appropriate to perform digitally directed biopsy of the 
prostate, guiding the biopsy needle along the examiner’s fin- 
ger. A protective sheath or “trumpet” may be useful in per- 
forming such a digitally guided biopsy, but either technique 
must be applied with extreme care. 

There does appear to be value in mapping the location of 
core biopsies, in the sense that the extent and location of dis- 
ease may influence treatment decisions, particularly when 
prostatic intraepithelial neoplasia or atypia is diagnosed on 
initial biopsy. Such mapping may provide information about 
the zones most likely to yield a positive biopsy on extended 
or repeat biopsy, or even the exact coordinates of the prior 
biopsy for future targeting. 

It is important when obtaining tissue from the prostate to 
use the automated biopsy needle to its best advantage. The 


Fig. 7.18 Increased regional blood flow associated with prostate can- 
cer. Arrow indicates region of increase blood flow on Doppler 
examination 
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tip of the needle should be advanced to at least the prostatic 
capsule. The distal excursion of the needle and the subse- 
quent coverage of that needle by the hollow sheath will 
obtain a tissue specimen of approximately 17 (15—20) mm. If 
the needle tip is correctly positioned at the beginning of the 
biopsy, the core will include the prostatic capsule (Figs. ; 

, and ). When targeting anterior targets; however, 
the needle will more often need to traverse the capsule and 
be inserted in the prostate prior to spring deployment. 
Traversing the capsule requires swift passage, to avoid rota- 
tion of the gland away from the needle (like a watermelon 
seed). 

It is crucial to keep in mind that by increasing the number 
of cores, we can also increase detection of small low-grade 
indolent prostate cancers. This may lead to increase patient 
worry, morbidity, and over-treatment, as many of these low- 
grade cancers remain nonlethal. Singh et al. discovered with 
a 12-core biopsy, rate of detection of clinically insignificant 
cancers was almost 12% higher compared to the limited sex- 
tant protocol [45]. 


Fig. 7.19 Initial biopsy needle position with tip of the needle (arrow) 
at the capsule drawn superimposed over ultrasound image of the needle 
tract within the prostate during biopsy 


Fig. 7.20 Position of inner needle drawn superimposed over ultra- 
sound image of the needle tract within the prostate during biopsy 
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Fig. 7.21 Needle covered by sheath drawn superimposed over ultra- 
sound image of the needle tract within the prostate during biopsy 


Saturation Biopsies 


Saturation biopsies often employ cores greater than 12 and 
sometimes up to 40 or more evenly spaced cores. Saturation 
biopsies are typically done under sedation or general anes- 
thesia. With the patient positioned in the left lateral decubi- 
tus position (free-hand) or lithotomy position (with grid), 
biopsies are performed in a systematic fashion. Additional 
cores from areas of previous abnormality are also obtained. 
In addition, dedicated cores from each transition zone are 
usually obtained. Cores from anatomically different areas 
such as the anterior horns and apex are also obtained. The 
anterior lateral horns and the anterior prostate are prone to be 
less well-sampled via the transrectal route than via a perineal 
approach. For a transperineal template approach, the patient 
is placed in the dorsal lithotomy position, and the transrectal 
ultrasound probe is arranged as it would be for brachyther- 
apy. Using the template device as a guide (usually fixed to 
the ultrasound), cores are taken from coronal sections of the 
prostate as described by Igel et al. [46]. 

So far, studies have shown that increasing the number of 
cores beyond 12, CDRs are only marginally improved. 
Limited evidence supports usage of greater than 12 cores 
during initial biopsy. In the same fashion, the NPV does not 
appear to increase with more cores sampled beyond 12. 
Importantly this protocol appears to increase the rate of 
insignificant cancer detection [47]. However, this will largely 
depend upon the patient population, along with prevalence 
and patient selection biases. 


Sonoelastography-Guided Biopsies 
There are now commercially available ultrasound platforms 


that include the ability to perform real-time or shear wave 
elastography in addition to gray-scale imaging. Studies of 
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the utility of sonoelastography-guided transrectal biopsy 
have shown that although the modality does not have suffi- 
cient sensitivity to supplant systematic template biopsies 
with biopsies targeted with sonoelastography [48], the addi- 
tion of sonoelastographic guidance to a systematic template 
biopsy improves prostate cancer detection rates over gray- 
scale ultrasound [48-50]. 


MRI-Targeted Biopsy 


Standard 10-12 core prostate biopsy has been shown to miss 
significant prostate cancers 30% of the time [51]. Due to the 
high false-negative rate, men can be subjected to multiple 
biopsies over time. MRI has greater ability to reveal details 
of soft tissue than ultrasound. MRI may pick up suspicious 
regions of the prostate that warrant a closer inspection by 
pathology. Recently MRI-targeted biopsy protocols have 
drawn interest as a way of targeting suspicious areas on the 
MRI that may be harboring cancer and to also increase diag- 
nostic accuracy. The helpful paradigm is to increase detec- 
tion of clinically significant prostate cancers and lower the 
rate of clinically insignificant cancer detection. Routine non- 
targeted random 10-12 core biopsies can be performed in 
addition to targeted biopsies based on MRI results. In a 
recent study comparing MRI-targeted biopsy to standard 
TRUS-Bx, MRI was found to be superior to standard 
TRUS-Bx in detecting clinically significant prostate cancer 
which was defined as Gleason 3 + 4 = 7. Fewer men in the 
MRI-targeted biopsy group had diagnosis of clinically insig- 
nificant prostate cancer as well [52]. Cost and clinical experi- 
ence still limit widespread usage of MRI-targeted biopsies, 
whether fusion, cognitive, or in MRI gantry. 

MRI fusion biopsy is a new technology in which MRI 
first identifies suspicious areas in the prostate that warrant 
biopsy. Using specialized computer software and hardware, 
the MRI image of the prostate with regions of interest marked 
is overlaid to the ultrasound volume and codisplayed. In this 
manner, the physician can target these areas with the ultra- 
sound probe as described above, without requiring the physi- 
cal presence of an MRI gantry for the biopsy procedure. 
Thus, this can be performed in an office setting. 


Trans-perineal Prostate Biopsy 


Transperineal prostate biopsy (TPPB) is receiving greater 
attention due to the virtually nonexistent risk of infection 
(Fig. 7.22). By avoiding the rectum, there is virtually no risk 
of infection related to the biopsy [53]. As stated earlier, the 
risk of TRUS-Bx associated infection has increased due to 
the rise of multidrug resistant organisms from frequent 
antibiotic-prescribing practices. Antibiotic prophylaxis for 
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Fig. 7.22 Diagram of transperineal biopsy using a template. Tissue 
from the anterior distal prostate (A) is readily obtained via the perineal 
approach 


TPPB typically requires just a single dose of a first-generation 
cephalosporin. Data from various studies have found a well 
below <1% risk of infectious complications from this route 
[53]. Consider this method if the patient has a higher than 
normal risk of infection. 

Originally TPPB was done in the inpatient setting under 
general anesthesia. However, with greater experience, TPPB 
can be done in the office setting with just local anesthesia. 
Patients are placed in dorsal lithotomy position with the 
perineum prepped and draped in a sterile fashion. A brachy- 
therapy grid template can be used to localize the prostate for 
sampling. When the same number of biopsy cores are taken, 
TRUS-Bx and TPPB were found to have comparable detec- 
tion rates [54]. There is also evidence that via the transperi- 
neal approach, the anterior prostate may be better sampled 
for prostate cancer [55]. The ultimate advantage for obtain- 
ing prostate cores via the transperineal approach is the free- 
dom to obtain greater than 10-12 standard cores with a very 
small rate of sepsis especially in patients with previously 
negative TRUS-Bx with rising PSA. 


Complications 


TRUS-guided biopsy of the prostate is a generally safe and 
well-tolerated procedure. However, despite the wide use of 
local anesthesia, a high percentage of men experience sig- 
nificant pain during the procedure [56]. Minor bleeding in 
the form of hematuria (39-58%), hematospermia (28-45%), 
and hematochezia (21-37%) is so common they should be 
considered consequences or side effects of the procedure, 
rather than complications. Blood in the urine or stool typi- 
cally resolves within 72 hours, while blood in the ejaculate 
may persist for several weeks. 

Serious complications after TRUS-Bx include febrile 
UTI/sepsis (<1%, but rate depends upon local prevalence of 
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Table 7.3 Complications of transrectal ultrasound-guided biopsy 
(TRUS-Bx) 


Incidence 
Minor complications (%) 
Hematuria 39-58 
Hematospermia 28-45 
Hematochezia 21-37 
Major complications 
Febrile UTI/sepsis 0.3-1 
Rectal bleeding requiring endoscopic procedure 0.7-4 
Other: epididymitis, vasovagal response, acute urinary <1 
retention 


resistant enteric bacteria), rectal bleeding requiring transfu- 
sion or endoscopic procedure for control (0.7—4%), vasova- 
gal response, urinary retention, and epididymitis (<1%) 
(Table 7.3) [16]. 

Patients are usually observed for a short period of time 
following biopsy to ensure there is no active rectal bleeding. 
Many patients experience transient nausea or rectal discom- 
fort following biopsy without adverse sequelae, but nausea 
accompanied by tachycardia is often a sign of acute bleeding 
and rectal distention. In such cases, it is helpful to have the 
patient visit the bathroom prior to leaving the office to be 
sure that they do not evacuate a large quantity of blood per 
rectum. When bleeding is suspected, compression of the rec- 
tal wall either by digital rectal examination or by reinsertion 
of the probe with direct application of pressure to the poste- 
rior aspect of the prostate may be attempted. In severe cases, 
a large Foley catheter (24—26 French) inserted into the rec- 
tum with the balloon inflated to 50 cc with sterile water will 
often provide enough compression to control local bleeding. 

Infection, though often insidious, may pose a serious 
threat to the patient. Patients who experience infectious com- 
plications of TRUS-Bx will usually present within 
24—48 hours with chills and fever but may also take many 
more days to present. These patients usually respond rapidly 
to oral antibiotic therapy, however, IV antibiotics may be 
lifesaving in the setting of sepsis from resistant bacteria. 
Febrile patients in the days and week following TRUS biopsy 
should be assessed in the office or ER setting. The emer- 
gence of quinolone-resistant bacterial species may require a 
change in antibiotic strategy. In some cases, microabscesses 
may form in the prostate, and the patient will experience a 
prolonged course of elevated temperature, difficulty voiding, 
and perineal pressure. In these cases, it may be necessary to 
perform additional imaging studies and hospitalize the 
patient for IV antibiotics. Some patients may experience 
temporary difficulty voiding associated with irritation of the 
prostate or urethra or actual edema as a result of the biopsy. 
A total of 0.2-2.6% of patients may develop acute urinary 
retention requiring temporary catheterization [16]. Patients 
with marginal ability to void may be improved by the use of 
alpha-blockers. 
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Prostate Biopsy: Ultrasound 


A vasovagal response occurs in 1—8% of patients and is 


characterized by bradycardia and hypotension. These 
patients will often appear pale; yawning may be a premoni- 
tory sign of impending loss of consciousness. Bradycardia is 
the most reliable differentiating sign between a vasovagal 
response and acute blood loss. Most patients with a vasova- 
gal response will recover within 15—20 minutes. Observation, 
serial vital signs, and fall precautions are appropriate. A brief 
period of observation with the patient sitting before he stands 
to dress may forestall some of the adverse sequelae of a vaso- 
vagal response and loss of consciousness. Occasionally atro- 
pine may also be indicated in a controlled recovery setting. 
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Fusion-Guided Prostate Biopsy 


Luke P. O’Connor, Liwei Jiang, Amir H. Lebastchi, 


and Bradford J. Wood 


The conventional method of prostate biopsy involves a sys- 
tematic sampling of selected areas of the prostate in a regular 
but random sextant or extended fashion. This is somewhat 
blind and typically not directly navigated toward any specific 
target, but rather at a specific geographic region of the gland. 
As a result, magnetic resonance imaging (MRI) was intro- 
duced into the diagnostic pathway to improve the detection 
of clinically significant disease. In the paired cohort 
“PROMIS” study using template-mapped biopsy as a gold 
standard, Ahmed et al. found that transrectal ultrasound 
(TRUS) biopsy had a sensitivity of 48% compared with mul- 
tiparametric MRI (mpMRI), which had a sensitivity of 93% 
for detecting clinically significant disease [1]. MRI also 
enables targeted prostate biopsy, which requires a combina- 
tion of imaging modalities that pinpoint suspicious lesions 
(MRI) and that guide the biopsy needles (ultrasound). 

Without fusion, no single imaging modality simultane- 
ously offers precise lesion localization and quick office- 
based, cost-effective, real-time guidance [2]. Transrectal 
ultrasound (TRUS) possesses the ability to image in real time 
(high temporal resolution) but suffers from poor resolution 
(low spatial resolution) and low sensitivity to cancer. MRI, 
on the other hand, images prostate lesions in great detail 
(high spatial resolution), but typically not with real-time 
guidance (low temporal resolution), and MRI requires extra 
time, cost, and custom equipment and disposables. 


L. P. O’Connor - A. H. Lebastchi 
Urologic Oncology Branch, National Cancer Institute, National 
Institutes of Health, Bethesda, MD, USA 


L. Jiang 
Department of Radiology, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA, USA 


B. J. Wood (8<) 
Interventional Radiology, Center for Interventional Oncology, 

NIH Clinical Center, Radiology and Imaging Sciences, and NIBIB, 
and Urologic Oncology Branch, NCI Center for Cancer Research, 
NIH, National Institutes of Health, Bethesda, MD, USA 

e-mail: bwood @nih.gov 


© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 


In MRI-TRUS fusion, a multiparametric MRI study is 
performed before the biopsy procedure to localize suspicious 
targets. This generally consists of T2-weighted (T2W), 
diffusion-weighted imaging (DWI), and dynamic contrast- 
enhanced (DCE) sequences, with or without an endorectal 
coil. Such MRI is highly sensitive for the detection of aggres- 
sive, clinically significant prostate cancers, with a high posi- 
tive predictive value. Histopathological correlation has 
demonstrated the positive predictive values of multiparamet- 
ric MRI in detecting high risk prostate cancer to be near 
95%, depending on the zone of the prostate [3]. In addition, 
multiparametric MRI is less sensitive in general for the 
detection of low-risk lesions [4]. This may have important 
implications for public health, given the debate about over- 
detection and overtreatment of low-grade prostate cancer in 
general. There have been several studies that have shown 
MRI and fusion approaches result in less unnecessary treat- 
ment of low-grade cancers and more treatment of the cancers 
that carry more risk (clinically significant cancers). A meta- 
analysis by Drost et al. showed that the MRI diagnostic path- 
way (with or without targeted biopsy) detected more 
clinically significant cancer and less clinically insignificant 
cancer than the traditional TRUS biopsy pathway [5]. 

In gantry MRI-guided prostate biopsies are sometimes 
performed, but these procedures are often impractical for 
standard community use because they require expensive 
MRI and personnel time as well as specialized MRI- 
compatible equipment. Techniques that fuse MRI and tran- 
srectal ultrasound (TRUS) allow the advantages of both the 
real-time imaging of TRUS and the high detection sensitivity 
of MRI while performing the procedure outside of the MRI 
in the office setting. This involves bringing the MRI images 
to the patient, instead of the patient to the MRI imaging suite. 

Ultrasound-MRI fusion may function for two parallel 
purposes: (1) guidance of needle to target defined by MRI 
and (2) to track, map, and record the locations of targeted 
and standard TRUS fusion biopsies for later referencing. 
This has special significance for patients with low Gleason 
scores who may elect active surveillance with or without 
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focal therapies as treatment options. Active surveillance with 
focal ablation of limited or low grade disease is termed 
“Super-Active Surveillance”. 

With MRI data available to the operator during the biopsy, 
some operators perform the so-called cognitive fusion or 
visual registration, in which the location of lesions on TRUS 
is estimated mentally using the pre-procedural MRI as a ref- 
erence. Although performing cognitive fusion represents a 
significant addition to the “blind” prostate systematic biopsy 
procedure that is traditionally guided with TRUS alone, the 
accuracy of cognitive fusion is highly operator-dependent 
and can be especially prone to error at the extreme apex and 
base, as well as anteriorly, which are defined differently on 
axial MRI (transverse to the anatomic pelvis) versus TRUS 
(2D imaging plane fans out) (Fig. 8.1) [4], which can make a 
TRUS-defined gland base. As such, cognitive fusion is not as 
accurate as EM or mechanical fusion platforms [4, 6]. To 
maximize the accuracy and consistency of the MRI-TRUS 
workflow, advanced MRI-TRUS fusion-guided prostate 
biopsy platforms (henceforth referred to as “fusion plat- 
forms”) have been broadly adopted to semi-automatically 
align the real-time image obtained by TRUS to the pre-pro- 
cedural MRI image. Using a combination of hardware and 
software approaches, these fusion platforms serve to guide 
the biopsy needle to the targets identified on MRI, as well as 
to track, map, and record the three-dimensional (3D) loca- 
tions of all biopsy samples taken for later referencing. 

Numerous fusion platforms are now available commer- 
cially and have become standard of care. No randomized 
clinical trials offering head-to-head comparisons across these 
platforms have been performed or are likely to be performed, 
although unsubstantiated competitive claims or superiority 
from vendors and expert spokespeople are not uncommon. 
Further, MRI parameters and the definition of suspicious 
lesions vary by center, and patient selection biases and human 
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variability in image interpretation preclude comparison of 
approaches across studies and hamper standardization efforts. 
While the workflow begins similarly with image analysis, 
prostate segmentation, and biopsy planning, the available 
platforms differ in (1) the image registration algorithm, (2) 
the method to track the biopsy needle position, (3) the inter- 
face to present the ultrasound and MRI images to the opera- 
tor, (4) additional software pathways such as mapping and 
navigation, (5) the route of biopsy, and (6) the way the ultra- 
sound interfaces with the needle and the system. In this chap- 
ter, these aspects are each discussed in general terms before 
specific fusion platforms are briefly reviewed. This discus- 
sion of such a dynamic arena is not intended to be compre- 
hensive, but rather is an introduction to the technologies and 
techniques of fusion, to give the reader a general sense of the 
mechanisms and terminologies of the systems, processes, and 
workflows, while striving to be commercially agnostic. 


Image Analysis and Planning 


After the patient undergoes a multiparametric MRI study, the 
images are analyzed for suspicious prostatic lesions. 
Segmentation of the prostate edge is performed, in which the 
margin of the prostate is defined semi-automatically and veri- 
fied (and refined where necessary). Biopsy targets are defined 
as center points or 3D volumes, and approach trajectories 
may be planned. After these steps, the prostate margin (seg- 
mentation volume) and target information are superimposed 
on anatomic T2W MRI images and transferred to the biopsy 
workstation for use during the procedure (Fig. 8.2) [7]. 
Computer-aided detection platforms fueled by deep learning 
and artificial intelligence are facilitating the automation of 
this segmentation and detection strategy, which will soon 
become a standard assistance tool, given the expertise and 


Fig. 8.1 MRI images (a) are often reported as axial to the anatomic pelvis, whereas TRUS images (b) are obtained with an end-fire or side-fire 
transducer, which are from very different planes, often fan-shaped. (From Kwak et al. [4], with permission CC by 3.0) 
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Fig. 8.2 Rigid and elastic a 
registration. Although elastic 
registration matches the MRI 
and TRUS images, to make a 
better combined picture, the 
operator must be careful so as 
not to distort the true anatomy 
too much or move a target to 
an unrealistic location. 
Although not obvious, rigid 
registration with local 
matching of nearby anatomy 
and edges may be more 
accurate than elastic warping. 
This is especially true for 
targets near the capsule, 
where nearby registration 
accuracy is more important 
than remote matching far 
away from the target. (From 
Logan et al. [7], with 
permission John Wiley & 
Sons) 


MRI + ERC 


TRUS 


MRI + ERC 


subjective interpretation skill sets required for human multi- 
parametric image interpretation [8]. Variability in skills and 
lack of standardization and automation create tremendous 
variation in MRI interpretations and inter-observer variabil- 
ity, even at high volume centers. However, workflow inter- 
faces to PACS and the electronic health record may facilitate 
comprehensive data review for active surveillance (Fig. 8.3). 


Image Registration 


In fusion biopsies, registration is the process of matching 
MRI to TRUS, thus aligning pre-procedural MRI images 
(along with segmentation and target information) to a TRUS 
3D volume. TRUS volumes may be acquired in 3D or 2D 
planes with the 3D volume built by moving the TRUS probe 
across the prostate from base to apex (a “sweep”) for end-fire 
TRUS and para-sagittal right to left for side firing TRUS. Two 
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Miniminal TRUS Deformation in the Setting of ERC Use 


Image Overlay 
(no fusion) 


b Increased Manual TRUS Deformation Mimics ERC 


Image Overlay 
(no fusion) 


MRI/US Fusion 


software registration algorithms, rigid and elastic, differ in 
the degree of image distortion correction for anatomic align- 
ment (Fig. 8.4). Rigid (non-deformable) registration attempts 
to minimize image distortion by accommodating translation 
and rotation of images, but not local deformations (Fig. 8.5). 
While rigid registration maintains the true anatomic shapes 
and locations, the operator may need to manually adjust the 
alignment of TRUS and MRI images to account for local 
registration errors, which may occur from differences in 
prostate shape between TRUS and MRI images as well as 
prostate movements induced by pressure from the MRI 
endorectal coil or the TRUS probe during imaging [7]. 
Elastic (deformable) registration, on the other hand, attempts 
to maximize image alignment by accommodating local 
deformations, in addition to translation and rotation. 
However, elastic registration may result in distortion of true 
anatomy, by trying to create a “good picture.” On most sys- 
tems, registration is performed semi-automatically, allowing 
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Image codisplay on the fusion workstation. Top, ultrasound; real-time ultrasound, but whose distal 5mm is unsampled “dead-space”, 
bottom, MRI. Target is displayed on each. Small red dots is needle path- but still part of the echogenic white line. Therefore, the biopsy needle 
way. Red and blue dot is target defined on MRI. Needle depth is deter- must traverse well beyond the target 
mined and followed visually by the echogenic white line (arrow) on 
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Pre-procedural prostate segmentation on MRI (red line), and MRI target definition (green line) loaded into fusion workstation for regis- 
tration to TRUS images 
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Fig. 8.5 Co-display of registered TRUS (top) and MRI (bottom) images after building a 3D volume on TRUS. Different shapes of prostate seg- 
mentation (purple and red lines) can be corrected by elastic registration and fusion 


the operator to fine-tune the alignment of edges and other 
important landmarks. Both rigid and elastic registration 
algorithms are available on most fusion systems, permitting 
the user to judge the most optimal alignment. Rigid registra- 
tion may in fact decrease the registration error of targets near 
the prostate edge [9]. Thus, when a target is close or at the 
capsule, it is not uncommon to rely upon rigid registration, 
because that allows the operator to selectively weigh nearby 
anatomy for matching, rather than try to match the whole 
gland. Some systems warp the MRI to match the TRUS 
(UroNav), while others warp the TRUS to match the 
MRI. The operator may toggle between rigid and elastic to 
determine the most optimal fit. The registration process is 
often repeated, corrected or fine-tuned, at several steps 
throughout a procedure, in order to maximize the matching 
or account for patient or organ motion or deformation. It is 
important to ensure that high-quality matching remains valid 
throughout the navigation, as well as mapping biopsy pro- 
cesses. The most common operator error is likely inattention 
to detail during needle mapping: on some systems, it is vital 
to ensure registration accuracy right before each systematic 


Table 8.1 Tips and tricks for performing a successful fusion biopsy 


Be happy if nearby capsules match on fusion 

Perfect is the enemy of good (Voltaire) 

Guide in one direction at a time (left, right, up, down, in, out, or 
rotating) 

Adjust in one direction at a time 

Concentrate on midline match and edge match 

Correct registration as much as necessary, during the procedure, to 
get good mapped biopsy 

Use anatomy as fiducials 

Match TRUS depth to match MRI indentation (if MRI balloon) 

If anterior target, do controlled fast jab, in order to avoid 
“watermelon seed effect” where prostate rolls away from a slow 
needle 

Needle picture has 5 mm distal dead space, so sample is taken 
between 5 and 25 mm marks; thus, needle echo must advance well 
beyond target 


biopsy, so that one can get back to the same spot accurately 
for repeat biopsy (active surveillance) or focal ablation 
(“super-active surveillance”). There are several practices that 
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urologists can adopt when performing fusion biopsy in order 
to avoid error (Table 8.1). 

Once MRI and TRUS data are fused, the way in which the 
resulting images are displayed to the user varies by fusion 
platform or operator preference. Some platforms overlay the 
MRI and TRUS images, reformatting the MRI volume to fit 
to the perspective of the TRUS probe. The standard axial, 
coronal, and sagittal planes may also be displayed. Other 
platforms display MRI and TRUS images side by side, either 
reformatted in the same orientation (Figs. 8.6 and 8.7) or 
using the tracking information supplied by the biopsy probe 
to select and display a single MRI slice in axial, coronal, and/ 
or sagittal orientations. Both of these visualization options 
may be available on some fusion platforms. It is important to 
define an operator-specific workflow that is both workable 
and reproducible to maximize accuracy and standardization 
while maintaining the integrity of the fusion process. This 
may mean that much of the displayed information is exces- 
sive or extra and need not be reviewed from every possible 
viewpoint during the biopsy. The post-procedure 3D pictures 
can assist organizing multiple past positive biopsy targets for 
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active surveillance and are also useful to show the patient 
cool pictures. 


Tracking Approaches 


In addition to the registration of MRI and TRUS images, 
fusion platforms may track and record the position of the 
biopsy probe in 3D space. This information may be used to 
present the relevant slices of the imaging data or be used for 
mapping and navigation (see below). There are five basic 
methods to attain MRI-TRUS fusion (Fig. 8.8) [10], which 
vary in their technologies, strengths, weaknesses, and initial 
intent of design. These are (1) electromagnetic tracking 
(“medical GPS”), (2) position-encoded joints in smart 
robotic arms, (3) image-based tracking, (4) gyroscopic rota- 
tional tracking off center axis, and (5) deep learning/artificial 
intelligence. 

Some platforms (such as UroNav, Invivo; Virtual 
Navigator, Esaote; and Real-time Virtual Sonography, 
Hitachi) employ passive electromagnetic tracking, often 
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Fig. 8.6 In this case, rigid registration on TRUS and MRI involve similar shapes and may not require elastic registration 
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Fig. 8.7 Fusion biopsy of anterior target lesion with needle crossing 
target and Gleason 7 tumor that was negative on six prior random sex- 
tant biopsies over nearly a decade. This anterior area is not well sam- 
pled, if at all, by conventional random blind sextant biopsy, especially 
true in bigger prostates 


dubbed “medical GPS.’ Here, a small sensor (“car” 
attached to the biopsy probe, TP grid, TP stepper, or even 
needle is detected by a magnetic field generator (“satellite”) 
fixed to the operating table on an arm and external to the 
patient. Such tracking takes advantage of the Faraday prin- 
ciple or the fact that a coil (sensor) in the presence of differ- 
ent and changing magnetic fields (field generator) elicits an 
electrical current related to the different local magnetic 
fields turned on sequentially by the field generator in differ- 
ent directions. The computer then converts this changing 
electrical current into a 3D position in space, in relation to 
the fused image which shares the X-Y-Z 3D Cartesian coor- 
dinates, defining a voxel (volume element) in space. 
Electromagnetic tracking can preserve the conventional 
freehand biopsy approach, resulting in a relatively shallow 
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learning curve [11, 12]. During the biopsy procedure, the 
operator typically performs an initial TRUS “sweep” of the 
prostate, after which the 3D ultrasound data are registered to 
the pre-procedural MRI data. Subsequently, the 3D position 
of the TRUS probe is used to guide the operator toward the 
planned approach trajectory (angle and position) for each 
suspicious lesion to be sampled (see section “Mapping and 
Navigation” below) as well as to document the location of 
each biopsy core taken. 

“Robotic” fusion platforms such as Artemis (Eigen), 
BiopSee (Pi Medical), and BioJet (BK Ultrasound) directly 
control the biopsy probe’s angle and position. The biopsy 
probe is mounted on a pre-calibrated mechanical stepper 
with position sensors or a more sophisticated articulating 
robotic arm that contains angle-sensing encoders. When the 
operator drives the robotic arm during the procedure, the 
angle and position are automatically calculated based upon 
the encoded joints. While the robotic aspect may add to the 
learning curve of this fusion platform, high accuracy in posi- 
tional tracking may be achieved. 

A third approach employs image-based software tracking 
methods, as exemplified by the Urostation (Koelis) platform 
that relies on retrospective TRUS-TRUS registration. Instead 
of utilizing real-time targeting, a 3D TRUS image acquired 
after each biopsy is registered with an initial 3D TRUS 
sweep to confirm the needle position [12]. In this manner, 
position tracking is achieved with imaging, without the use 
of additional hardware such as electromagnetic generators or 
robotic arms. In addition, since the freehand biopsy approach 
is preserved, these image-based systems tend to most resem- 
ble the conventional TRUS technique, in terms of operator 
input. Initially designed for location mapping and recording, 
these systems may be modified and used for prospective 
navigation and guidance as well, with some potential limita- 
tions, such as pausing to perform a 3D TRUS volume image 
after every needle fire, with the needle held in place during 
TRUS imaging, which may challenge the operator’s patience, 
especially early in the learning curve, like any of the fusion 
systems. 


Mapping and Navigation 


To further help the biopsy operator, fusion systems offer 
mapping and navigation (or guidance) capabilities. Mapping 
refers to the process of tracking the imaging location of a 
biopsy specimen and referencing it to pre-procedural MRI 
for later use. Mapping is done in order to better locate repeat 
biopsies in the setting of active surveillance of low-grade 
cancers (see Fig. 8.3). Navigation (or guidance) refers to the 
platform’s ability to aid prospective placement of a biopsy 
needle toward a target that was pre-identified on MRI but 
now targeted with TRUS, with the needle being directed 
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Electromagnetic tracking w/ freehand TRUS probe 
(UroNav, HI-RVS, Virtual Navigator) 


with permission from InVivo 


Ultrasound 


Articulated approach w/ mechanical arm 
(Artemis and BiopSee) 


with permission from Eigen 


Image-based w/ TRUS-TRUS registration 
(Urostation) 


R 


with permission from Koelis 


Fig. 8.8 Three different approaches for fusing prostate MRI with ultrasound. (a) Electromagnetic tracking; (b) articulated approach with mechan- 
ical arm; (c) image-based TRUS-TRUS registration. (From Brown et al. [10], with permission Springer Nature) 


transrectally and/or transperineally (percutaneously via a 
grid or “free-hand”). Mapping may be more important for 
blind or sextant biopsies that are positive and MRI invisible, 
since the exact location may not otherwise be known or 
tracked (other than to say it was from the “left base,” for 
example). 


Route of Biopsy 


Prostate biopsies can be performed transrectally or transperi- 
neally (TP), with the former being the more commonly used 
technique up to now, but more TP biopsies being performed 
all the time with the increase in resistant microbe flora. Given 
that the biopsy needle passes through the rectal mucosa in 
the transrectal approach, infection and sepsis following tran- 
srectal biopsy have been a concern and are more common 
than TP biopsy. Recently, increasing rates of sepsis arising 


from transrectal biopsy have been reported, perhaps in part 
related to increasing prevalence of colonization with resis- 
tant organisms [13, 14]. A retrospective study of almost 5900 
Japanese patients who underwent transrectal and/or trans- 
perineal biopsies found no statistically significant difference 
in the overall rate of genitourinary tract infections between 
the transrectal (0.83%) and the transperineal route (0.57%), 
although the rate of febrile (>38 °C) infections occurred 
more frequently after transrectal (0.71%) than transperineal 
(0.16%) biopsies (P=0.04) [15]. Prevalence of resistance in 
the patient population may drive variabilities. A prospective 
study of 245 transperineal biopsies performed at several cen- 
ters in Australia, resulted in zero hospital readmissions for 
infection after transperineal biopsy [16]. These rates may be 
heavily impacted by local factors such as frequency of local 
resistance to common prophylactic antibiotics. Consulting 
with a local infectious disease expert may be prudent to help 
develop local prophylactic standard procedures. Outcomes 
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for the transperineal approach will be discussed later in this 
chapter. 


Major Platforms 


Before exploring the technology, workflow, and strengths of 
each commercially available fusion platform, it is important 
to note that many platforms have evolved over time. Some 
were initially developed with one purpose (mapping or navi- 
gation) but have subsequently added the other capability. 
Likewise, some systems were initially developed with only 
rigid or elastic registration, or only the transrectal or trans- 
perineal approach, and have added the counterpart options 
more recently, or even extended into fusion ablation. 
Therefore, much of the data and characteristics of these sys- 
tems in published literature likely represent one moment in 
time and may have evolved since publication. For full disclo- 
sure of biases, the authors are most familiar with the UroNav 
system, having co-invented and helped to develop that sys- 
tem over the past 20 years. 


Electromagnetic Tracking 


The UroNav platform (Invivo/Philips, Gainesville, Florida, 
USA), developed at the National Institutes of Health in col- 
laboration with Traxtal and then InVivo Corp, began clinical 
trials in 2004 and was FDA 510(k)-cleared in 2006. Its pre- 
decessor PercuNav (and Abaris) began trials in the early 
2000s. The UroNav system and workstation are independent 
of TRUS vendor. In addition, UroNav interfaces with the 
more general MRI image processing and segmentation soft- 
ware (DynaCAD, and DynaLync, Philips), for a unified 
MRI, fusion, and prostate care platform. Pre-procedural MRI 
images are obtained (often from a 3 T scanner) with T2W, 
DCE, and DWI sequences, to identify suspicious lesions 
(Fig. 8.9a) [17]. During the procedure, the patient is posi- 
tioned decubitus per conventional TRUS biopsy, and an elec- 
tromagnetic tracking “brick-like” generator is placed near 
the patient. Using a TRUS probe with an attached electro- 
magnetic tracking sensor, the operator performs an initial 
ultrasound “sweep” of the prostate to obtain 3D TRUS data, 
which is then semi-automatically registered to the MRI data, 
with the option of either rigid or elastic registration. Manual 
adjustments are made to the image registration as necessary 
to improve alignment, which should be repeated throughout 
the case as needed, as soon as it becomes misaligned due to 
patient or prostate motion. Once this initial phase is com- 
plete, the operator proceeds with the freehand TRUS 
approach. UroNav displays the fused TRUS and MRI images 
side by side (or as triplanar overlays) with a blending slider 
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in the user interface to adjust relative transparencies. 
Navigation software guides the TRUS operator to the planned 
biopsy trajectory for each core, and mapping functionality 
documents the imaging location of each core taken for later 
use as needed (Fig. 8.9b). When using fusion to guide biopsy, 
the target is aligned with the TRUS needle guide by moving 
freehand the TRUS probe left/right, up/down, and in/out 
(always only one motion at a time!), while watching the 
location of the target in relation to the needle guide pathway. 
Needle insertion depth is also monitored visually on the 
fused image, with the needle tip placed just short of the tar- 
get prior to spring biopsy deployment across the target. 
Although automated, operator TRUS skill sets are helpful for 
optimal navigation. As described in the overview of electro- 
magnetic tracking, the learning curve is relatively short 
because UroNav builds upon the conventional freehand tran- 
srectal biopsy approach [11, 12]. Accuracy has been reported 
as tracking error of 5.8 + 2.6 mm initially [18] and subse- 
quently reduced below 3 mm after technical improvements 
[19]; however, operator error or inattention to detail can 
result in more. Initially developed for prospective navigation 
to MRI-defined targets, the mapping tool was more recently 
added. The most recent version of the UroNav software per- 
mits the transperineal biopsy or ablation approach (Fig. 8.10) 
in addition to transrectal, demonstrating the evolution of 
fusion platforms over time. Transperineal needles with TPUS 
provides for a complete rectum-free intervention, but may 
not be as accurate as grid TP needles, based upon TRUS. 
Fusion with UroNav both upgrades and detects higher 
Gleason score cancers than blind extended sextant biopsy 
[20], thus more appropriately triages patients who need 
definitive treatment. 

The Virtual Navigator (Esaote SpA, Genoa, Italy) and 
Real-time Virtual Sonography (Hitachi, Tokyo, Japan) plat- 
forms are both general-purpose fusion systems, initially 
designed for body biopsy, to fuse real-time ultrasound to 
prior imaging studies such as CT, PET-CT, or MRI and sub- 
sequently adapted for prostate biopsy. Both platforms 
employ the freehand TRUS approach with electromagnetic 
tracking systems [11, 20]; as such, they inherit the charac- 
teristics of electromagnetic tracking-based systems as 
already described. Rigid registration likewise has implica- 
tions for local registration errors [7]. Real-time Virtual 
Sonography is able to biopsy both transrectally and trans- 
perineally [21]. Navigo (UC-Care, Yokneam, Isarel) also 
performs fusion. Many systems will also guide and monitor 
focal laser, HIFU or cryo-ablation therapies, with varying 
degrees of treatment planning. Most of the HIFU, laser, and 
cryoablation corporate manufacturers also offer fusion and 
treatment planning, either by integrating to existing EM or 
mechanical platforms, or by adding a gyroscope to the 
TRUS probe, and estimating the offset from midline. 
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[a] Prebiopsy multiparametric magnetic resonance imaging, axial views 


T2-weighted image 


[b] MR/ultrasound fusion-guided biopsy showing position of 1 biopsy core 


Real-time axial transrectal ultrasound 


Fig. 8.9 (a) Prebiopsy multiparametric magnetic resonance imaging 
(mpMRI) that includes anatomical (T2-weighted) and functional 
(dynamic contrast-enhanced and apparent diffusion coefficient) imag- 
ing is obtained and reviewed by a radiologist. Axial images all demon- 
strate a lesion suspicious for prostate cancer (yellow arrowheads). This 
lesion is marked by a radiologist in preparation for fusion biopsy. (b) At 
the time of MR/ultrasound fusion biopsy, a real-time axial transrectal 
ultrasound is performed to assist with needle guidance. The MR/ultra- 
sound fusion platform overlays the outline of the lesion suspicious for 
prostate cancer (green line) and contour of the prostate (red line). The 
platform also synchronizes the transrectal ultrasound image with a 


Mechanical Position Encoders 


The Artemis platform (Eigen, Grass Valley, California, 
USA), US FDA 510(k)-cleared in 2007, has been used in 
clinical trials since 2009. The hardware cart features a stan- 
dard, vendor-agnostic end-fire TRUS probe held by a robotic 
arm that contains angle-sensing encoders on its joints, which 
conveys spatial tracking information [22]. The hardware 
interfaces with an independent software workstation running 


Dynamic contrast-enhance image 


Correlated T2-weighted MRI 


Apparent diffusion coeffient image 
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location in the prostate and recreates an axial MRI based on the 
T2-weighted image to correlate with the location of the ultrasound 
image. A dotted red line demonstrates the path of the needle, and when 
a biopsy is performed, the location can be recorded as shown here with 
the yellow line. (c) At the conclusion of the biopsy, a three-dimensional 
map from the data above is generated, demonstrating the contour of the 
prostate (red), the location of the tumor lesion (green), the location of 
the standard extended sextant biopsies (purple cores), and the location 
of the targeted MR/ultrasound fusion biopsies (yellow cores). (From 
Siddiqui et al. [17], © 2015 American Medical Association. All rights 
reserved) 


the Eigen ProFuse software, which builds a 3D model of the 
prostate from pre-procedural MRI and allows delineation of 
suspicious lesions prior to biopsy. During the procedure, the 
patient is positioned at the edge of the bed in alignment with 
the robotic arm. By rotating the robotic arm, an initial ultra- 
sound sweep is obtained, from which the software semi- 
automatically determines the boundaries of the prostate, with 
manual adjustments performed as necessary. Pre-procedural 
MRI annotated with the biopsy plan is loaded and fused with 
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Fig. 8.10 Focal laser ablation is possible in an office-like setting, uti- 
lizing MRI/TRUS fusion. Target (red) is outlined. First laser placement 
treats part of target (red), which is erased by the treatment planning 


the TRUS image using rigid registration followed by elastic 
registration at the time of biopsy [11, 23]. Navigation 
software guides the operator to the planned targets. The sys- 
tem records the location of biopsy cores taken, and the oper- 
ator can return to the site of a previous core with 2-3 mm 
accuracy [22]. Although the Artemis device is somewhat 
bulky and cumbersome [12] and requires user training [11], 
the use of the platform in the hands of an experienced opera- 
tor has been reported to add only 5 min on average to the 
overall biopsy procedural time [20]. With high precision 
inherent in the direct, robotic tracking approach, this plat- 
form may yield highly accurate biopsies, assuming patient 
and prostate motion can be minimized. 

The BiopSee platform (Pi Medical, Athens, Greece), with 
main clinical developments at the University Hospital 
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software. This may not be quite as accurate as MRI in gantry ablation, 
but may be more practical and cost-effective. (Courtesy Sheng Xu and 
Brad Wood, NIH [2016—2021]) 


Heidelberg, Heidelberg, Germany, is notable for eschewing 
the transrectal biopsy route altogether in favor of the trans- 
perineal route, although ultrasound imaging guidance is still 
done transrectally. The system consists of a TRUS probe 
attached to a mechanical stepper fixed to an operating table. 
The depth and rotation of the TRUS probe are tracked by 
embedded encoders. During the biopsy, a 3D ultrasound vol- 
ume is obtained by sweeping the TRUS probe, and MRI data 
is fused to the ultrasound volume via rigid registration or 
manually by simultaneously visualizing the axial, coronal, 
and sagittal planes [24, 25]. The limited range of motion of 
the TRUS probe may be a limitation of the system, increas- 
ing its learning curve [11]. The reported duration of the 
biopsy procedure was 60 min per patient for the first ten 
patients and 30 min per patient afterward [25]. 
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Similar to Artemis, the BioJet platform (BK Ultrasound, 
Peabody, Massachusetts, USA; DK Technologies, Barum, 
Germany) employs a TRUS probe mounted on a mechanical 
arm with angle-sensing encoders. The system is capable of 
performing both transrectal and transperineal biopsies. 
During the biopsy, MRI data is fused to the ultrasound vol- 
ume via rigid registration. In the initial experience using the 
BioJet platform, patients were placed in the lithotomy posi- 
tion, and biopsy was carried out transperineally. The authors 
noted that the rigid registration algorithm required manual 
contour adjustments for proper fusion [26], implying the 
addition of elastic registration as a future direction. Focal 
Healthcare (Toronto, CA) also markets a similar mechani- 
cally registered device for fusion biopsy. 


Image-Based Tracking 


The Urostation platform (Koelis, Grenoble, France) uses 
image-based registration to track needle position. It employs 
the freehand TRUS technique and relies on TRUS-TRUS 
image registration to retrospectively determine biopsy nee- 
dle position. At the start of the biopsy procedure, a reference 
panorama 3D TRUS volume is obtained and registered to 
pre-procedural MRI data and target information. This may 
be performed robotically. After each biopsy core is taken, a 
3D TRUS image is acquired over 3 s with the needle in place, 
in order to image needle location. This is registered to the 
reference TRUS panorama to confirm needle location [27]. 
The operator is required to hold the probe in place during the 
3 s TRUS acquisition; otherwise registration errors may 
occur. This is perhaps a limitation of the system [11, 12]. The 
Urostation system was designed to record the 3D location of 
biopsy samples for patients under active surveillance. 

The MIM Symphony platform (MIM Software Inc., 
Cleveland, Ohio, USA) uses image-based registration and 
was originally designed for multimodality treatment plan- 
ning for low-dose rate brachytherapy and has been marketed 
with BK Ultrasound systems. There are also a plethora of 
needle guides, steppers, grids (Civco Medical Solutions, 
Coralville, Iowa), or grid/guides like the simple coaxial TP 
needle that clamps to the TRUS probe (Perineologic, 
Cumberland, MD), allowing free-hand TP access via TRUS 
monitoring, without a stepper stage. The many new TP solu- 
tions enable fast, often-comfortable office-based TP appra- 
oches without the bulky equipment and sometimes without 
sedation or infection risk. Stay tuned for office-based TP 
needles via TPUS, and office-based fusion ablation. 


Discussion and Conclusions 


Nowhere else in the human body are blind biopsies accept- 
able as a standard approach to diagnosing cancer, and fusion 
has made that true for the prostate as well. Standard blind 
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TRUS prostate biopsies may be blind medicine. Now, a large 
number of fusion platforms have penetrated the market, with 
differing strengths, weaknesses, workflows, and require- 
ments for additional hardware or software. It remains diffi- 
cult to compare across fusion platforms, since most major 
published studies have been single-center trials that focused 
on the platforms in use at their respective institution’s or 
addressed specific questions within prescreened and biased 
patient populations. Regardless, strong peer-reviewed evi- 
dence has demonstrated the promise of fusion-guided biop- 
sies, irrespective of the fusion platform. It is not speculative 
to say that the days of blind TRUS-guided prostate biopsies 
alone may equal suboptimal medical care for certain patients. 
Targeted biopsies yield higher detection rates of clinically 
significant prostate cancers, lower detection rates of clini- 
cally insignificant lesions, and the ability to detect prostate 
cancer with fewer cores taken. However, it remains as work 
in progress how exactly to translate this information into 
standard clinical practice for specific patient populations, or 
whether fusion may replace systematic biopsy, or whether it 
may replace or be in addition to systematic biopsy. 

In a prospective study involving more than 1000 men, 
compared to systematic biopsy, targeted biopsy using 
UroNav combined with systematic biopsy is associated with 
30% greater detection of high-risk cancer (Gleason 4 + 3 or 
greater) and 17% fewer detection of low-risk cancer 
(Gleason 3 + 3 or low-volume Gleason 3 + 4) compared to 
systematic biopsy alone [17]. In addition, targeted biopsy 
using UroNav demonstrated a cancer detection rate of 37% 
in 195 patients with prior negative biopsies; in the same 
study, systematic biopsies missed 12 of 21 (55%) of high- 
grade cancers [27]. Using the Artemis platform, in 105 
patients with prior negative biopsies, targeted biopsy 
improved the detection of clinically significant cancer 
(Gleason >3 + 4 or Gleason 6 with maximal core length 
>4 mm) (91%) versus systematic biopsy (54%) [28]. 
Furthermore, it was found that repeat biopsy of previously 
positive MRI targets demonstrated a higher detection rate 
(61%) than repeat biopsy of previously positive systematic 
sites (29%), with detection rate associated with core length 
[29]. With the Urostation platform, a higher detection rate of 
clinically significant prostate cancer (Gleason >3 + 4 or 
Gleason 6 with maximum cancer core length >4 mm) (43%) 
compared to systematic biopsy (37%) was reported in 152 
patients undergoing first-round biopsies [30]. Similarly, tar- 
geted biopsies using the Virtual Navigator, Real-time Virtual 
Sonography, BiopSee, and BioJet platforms found higher 
cancer detection rates compared to systematic biopsies [7, 
21, 25, 26, 31]. In the PRECISION (“Prostate Evaluation 
for Clinically Jmportant Disease: Sampling Using Image 
Guidance or Not?”) trial, 500 biopsy-naive men were ran- 
domized to either MRI-targeted or systematic biopsy [32]. 
MRI-targeted biopsy was superior for detecting clinically 
significant cancer (Gleason >3 + 4) when compared with 
systematic biopsy (38% vs. 26%, p = 0.005). While there 
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MRI 3D Model 


Real-Time Transrectal 
Ultrasound 3D Model 


Fig. 8.11 Software-based elastic fusion between MRI 3D Model and 
real-time transrectal ultrasound 3D model (Urofusion™) with targeted 
biopsy plan via two perineal punctures using an innovative virtual pivot 


was a mix variety of MRI-targeted biopsy techniques used, 
most sites utilized MRI-US fusion. 

Thus far, most centers using fusion platforms have per- 
formed targeted biopsy in addition to systematic biopsy for 
each patient, an approach that increases sensitivity of detec- 
tion while allowing direct comparison of the performance of 
targeted and systematic biopsies [33]. In the “MRI-First” 
clinical trial, Rouviere et al. found that while MRI-targeted 
biopsy alone was no different than systematic biopsy for 
detecting Gleason > 3 + 4, the combination of the two tech- 
niques resulted in a substantial increase in cancer detection 
[34]. In a recent study by Ahdoot et al., the upgrading rates 
of combined, MRI-US fusion-guided, and systematic biopsy 
on prostatectomy were compared [35]. In this prospective 
study evaluating 404 men who underwent prostatectomy fol- 
lowing combined MRI-US fusion plus systematic biopsy, the 
investigators found that combination biopsy was associated 
with the fewest upgrades to Gleason >4 + 3 (3.5%) when 
compared with MRI-US fusion (8.7%) or systematic (16.8%) 
biopsy alone. A 2014 meta-analysis of 14 qualifying papers 
reports that MRI-US fusion targeted biopsy detected more 
clinically significant cancers while sampling fewer cores 
than standard biopsy [36]. Especially in patients with a pre- 
viously negative 12-core standard biopsy and MRI suspi- 
cious targets, it may still be wise to obtain both targeted 
fusion and standard sextant biopsies in order to maximize 
detection rate. 

As mentioned earlier, the transperineal approach is safer 
than the transrectal approach as there is a decreased risk of 
developing urosepsis. As a result, MRI-US fusion technique 
has been applied to transperineal biopsy (Fig. 8.11) [37]. 
There is promising evidence demonstrating the non-inferiority 
of transperineal fusion biopsy to the more commonly utilized 
transrectal route. In a prospective study of 77 men undergoing 
both transrectal and transperineal fusion biopsy, Ber et al. 
found the transperineal approach to be non-inferior and supe- 
rior to the transrectal approach for detecting clinically signifi- 
cant (defined as Gleason >3 + 4 or cancer core length >6 mm) 
[38]. Another study by Wetteraur investigated the feasibility of 
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Targeted Biopsy Plan 


point and an optional linear vertical grid row clamped to the TRUS. 
(From Lee et al. [37] with permission John Wiley & Sons) 


in-office transperineal biopsies, in which a freehand cognitive 
fusion was utilized [39]. This technique had an overall cancer 
detection rate of 64.5% (258/400) with no infectious compli- 
cations. The use of fusion with transperineal ultrasound gets 
all equipment out of the rectum, which may enhance compli- 
ance rates as well. 

The emergence of the MRI-TRUS fusion technique 
increases the number of patients who benefit from prostate 
biopsy. Indications for fusion-guided biopsy are evolving 
rapidly and have become standard of care for certain popula- 
tions. Thus far, the technology was proven initially for 
patients with increasing PSA level who previously had mul- 
tiple rounds of negative systematic biopsies (Fig. 8.12), for 
targeted biopsies directed toward known MRI lesions, or for 
active surveillance of lower risk lesions. Exact consensus 
indications for fusion-guided prostate biopsy evolve rapidly, 
and the additional value of standard sextant biopsy plus 
fusion versus fusion alone remains unclear. 

Given the greater detection rate and efficiency of targeted 
biopsy, it is conceivable that the future of prostate biopsy 
may involve fewer blind cores, and fewer cores in general, 
and thus fewer biopsy-related complications, not to mention 
continued improvements in performance characteristics. 
Blind systematic biopsies may no longer be necessary when 
clinicians can both accurately localize suspicious lesions in 
preoperative imaging and accurately sample these lesions 
during the biopsy procedure itself. Given most platforms’ 
ability to document the location of lesions biopsied, facilitat- 
ing repeat sampling, active surveillance, and focal therapy 
(super active surveillance) may play greater roles in manage- 
ment as alternatives to the more aggressive prostatectomy in 
appropriately screened patients with low-grade disease. 

In sum, MRI-TRUS fusion-guided prostate biopsy is a 
novel, transformative, and disruptive technique that unblinds 
the prostate biopsy, enabling targeted sampling that combines 
superior lesion detection of MRI with the real-time guidance 
of ultrasound. By bringing the imaging to the patient, fusion 
biopsy uses the imaging information when it is needed most, 
during the biopsy. Fusion systems provide accurate and effi- 
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Fig. 8.12 Prostate is outlined (red) and core biopsy location is tracked and mapped (orange line) for the medical record, for later focal ablation 
or brachytherapy, or for repeat biopsy at a later date as part of an active surveillance program 


cient navigation and mapping that can be easily performed in 
the office outpatient setting with local nerve blocks alone, and 
now without entering the rectum at all with the needle or the 
ultrasound. Artificial intelligence platforms help registration, 
detection, CAD interpretation and characterization on imag- 
ing, and treatment planning for fusion-guided focal ablation. 
Better characterization and molecular profiling of prostate 
cancer are enabled by fusion platforms, which may advance 
the management of prostate cancer toward smarter, more per- 
sonalized oncology and toward a world where needles are not 
driven into an organ blindly and randomly searching for dis- 
ease, when we know better. Information is power, and fusion 
applies that imaging information where and when it is needed 


most, while you are placing needles. Welcome to the video 
game era of prostate cancer AI and fusion-based characteriza- 
tion and targeted management. 
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Template Mapping Biopsies: 
An Overview of Technique and Results 


Deepika Reddy and Hashim U. Ahmed 


Rationale and Background 


The UK guidelines require histological diagnosis and stag- 
ing prior to decision of management options, the exception 
to this is proven prostate cancer-driven metastases at the time 
of diagnosis. In patients undergoing active surveillance, cur- 
rent NICE guidance (CG175) advocates the use of confirma- 
tory prostate biopsy after 12 months of surveillance [1]. This 
guidance also recommends the use of magnetic resonance 
imaging (MRI) to determine the need for repeat biopsy in 
patients demonstrating high grade prostatic intraepithelial 
neoplasia (HGPIN), atypical small acinar proliferation 
(ASAP) on biopsy, have an abnormal digital rectal examina- 
tion (DRE) in the presence of elevated age-related prostate- 
specific antigen (PSA) level, or continued suspicion for 
prostate cancer despite negative previous biopsy. Ultimately, 
the form of biopsy is not dictated, therefore the decision is 
left to clinicians to evaluate the most clinically relevant and 
available technique in their clinical environment. Transrectal 
ultrasound (TRUS)-guided biopsy is well established but has 
many limitations. 


Overdiagnosis of Insignificant Cancers 


Cancer Research UK reports prostate cancer as the most 
common cancer diagnosed in men in the UK, with 130 new 
cases per day [2]. Cancer diagnosis rises considerably to 
25% when a TRUS-guided biopsy is performed [3, 4]. The 
non-selective nature in which histological diagnosis is pro- 
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Random Error 
Detection of clinically 
/ insignificant lesion 


Fig. 9.1 Overdetection of clinically insignificant prostate cancer. 
(From El Shater-Bosaily et al. [7], with permission Elsevier) 


duced after TRUS biopsy leads to considerable numbers of 
clinically insignificant cancers being detected [5-7] 
(Fig. 9.1). Consequences of this include diagnosis anxiety 
and healthcare burden associated with follow-up, when the 
disease itself is likely to be indolent, and not impact upon 
quality of life or overall survival [8]. 


Systematic Inadequacy in Sampling 


Due to the random deployment of needle biopsy, a false-negative 
rate of TRUS biopsy in the region of 68% is noted in patients 
undergoing transperineal template mapping prostate biopsy 
(TTMPB) after at least two negative TRUS biopsies prior [9]. 
Nafie et al. demonstrated increased cancer detection rates 
(CDRs) with template biopsy over TRUS, in men with one pre- 
vious negative TRUS biopsy [10]. It is well noted that TRUS 
biopsy leads to under-sampling of systematic areas due to the 
mechanistic challenges encountered, including apex, midline, 
and anterior areas of the prostate [5, 11] (Fig. 9.2). Even after 
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Systematic Error 
Missed Clinically 
Significant Cancer in 
Anterior Prostate 


Random Error 
Attribution of clinically 
significant lesion as 
low risk 
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Random Error 
Missed Clinically 
Significant Cancer 


Fig. 9.2 Transrectal ultrasound biopsies underdiagnose clinically significant prostate cancer due to (a) systematic error; (b, ¢) random error. 


(From El Shater-Bosaily et al. [7], with permission Elsevier) 


accounting for population bias, Marra et al. demonstrated that 
concordance of histological results of TRUS against radical 
prostatectomy is limited, in which 13.7% of men diagnosed 
with prostate cancer and underwent radical prostatectomy had 
potentially management altering discordance of histology 
results [12]. 


Unrepresentative of True Cancer Volume 


Significant underestimation of true cancer volume is com- 
monplace and dependent upon accurate placement of the 


biopsy needle through the greatest diameter of the cancerous 
lesion. In the context of no imaging (e.g. MRI) prior to TRUS 
biopsy, understaging and undergrading of disease occur in a 
considerable population of men [9, 13-15]. A considerable 
population of men, who undergo active surveillance as a 
result of their histological findings, were upgraded and 
upstaged after targeted or template biopsy [11, 13, 14, 16]. 
Further TRUS biopsies are demonstrated to inappropriately 
over-diagnose prostate cancer, potentially leading to over- 
treatment of their prostatic disease [12]. Importantly, studies 
have noted that despite performing on the learning curve of 
TTMPB in centres introducing this technique, cancer was 
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detected in 31% of men who previously had a negative TRUS 
biopsy [15]. 


Poor Localization, Including for MRI-Negative 
Patient 


In order to accurately identify patients suitable for prostatic 
gland preserving management strategies, accurate staging 
and grading of disease are vital. Significant proportions of 
men are inappropriately attributed as having low-risk disease 
after TRUS biopsy, however, upon template biopsy was 
upstaged and no longer suitable for active surveillance [9, 
13, 14]. Ex vivo template 12-core biopsy post-radical prosta- 
tectomy revealed improved concordance in comparison to 
radical prostatectomy histology compared to those undergo- 
ing random TRUS biopsy [17]. 


Diagnostic Accuracy Regarding Minimally 
Ablative Techniques 


Decision making regarding minimally ablative techniques is 
dependent upon accuracy of disease location and volume [18]. 
Valerio et al. report good short- to medium-term oncological 
outcomes after focal ablative therapy; however, such outcomes 
require accurate diagnosis [19]. Compromising disease local- 
ization inevitably compromises oncological control [11, 20]. 
Furthermore, men require accurate staging in order to ensure 
appropriate assessment for new prostate cancer interventions 
such as focal therapy, in order to avoid undertreatment and 
progression of potentially curable cancer [20]. 


High Complication Rates 


There is an increasing amount of evidence advising against 
TRUS-guided biopsy due to considerable risk of infection, 
bacteraemia, and associated pyrexia [21, 22]. With the emer- 
gence of multi-drug-resistant bacteria, the rise in significant 
volume of patients succumbing to post-biopsy infection is of 
increasing concern [22, 23]. It is well documented that trans- 
perineal (TP) biopsy results in fewer infections requiring 
antibiotics than TRUS biopsy [16, 23]. Complication rates 
have been demonstrated to be less frequent after targeted 
biopsy in comparison to TRUS biopsy [22, 24]. TP biopsy 
has also been identified as an appropriate diagnostic strategy 
over TRUS biopsy in patients deemed high risk of prostate 
biopsy-related infection [23]. Bhatt et al. demonstrated 
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equivalent attitudes when comparing patient experience of 
TRUS versus TTMPB; however, more GP reviews and read- 
missions were observed after TRUS biopsy [25]. Such asso- 
ciated healthcare interactions naturally impact upon overall 
cost-effectiveness. 


Cost-Effective Analysis 


The initial cost benefit associated with lower costs associated 
with primary TRUS biopsy may be negated due to the need 
for repeat biopsy, higher post-biopsy morbidity, high detec- 
tion rates of clinically insignificant cancers requiring follow- 
up, and management of decision inaccuracies due to 
inaccurate risk stratification, when comparing transperineal 
biopsy techniques [26]. The business case towards moving 
away from TRUS biopsy is strengthened by the adoption of 
performing targeted transperineal biopsy under local anaes- 
thetic [27]. 


Template Mapping Biopsies: Technique 
Patient Preparation 


In our everyday practice at Imperial College London, we do 
not prescribe pre-operative bowel preparation. Tamsulosin is 
prescribed to be taken 2-7 days prior to procedure. We 
strongly recommend continuation of an alpha-blocker for a 
minimum of 2 weeks post- procedure in order to minimize 
the risk of acute urinary retention. In accordance to our pre- 
operative guidelines, antiplatelet therapy should be stopped 
7 days prior to the procedure. Anticoagulants are discontin- 
ued according to local policy, referencing indication for 
prescription. 


Patient and Equipment Setup 


The procedure is typically performed under general or spinal 
anaesthesia; however, template biopsy may be performed 
with the use of an extensive perineal and peri-prostatic local 
anaesthetic block. In our practice for targeted biopsies, we 
use pre-procedural codeine phosphate 60 mg or dihydroco- 
deine 30 mg PO. Use of topical glyceryl trinitate ointment 
for anal sphincter relaxation 30 minutes prior to procedure is 
recommended. 

The patient is positioned in the extended lithotomy posi- 
tion. Placement of a urethral catheter is optional to visualize 
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Fig. 9.3 Patient and transrectal ultrasound probe set up: (a) patient position; (b) probe position and set up 


the urethral lumen and minimize risk of injuring the urethra 
with biopsy needles. The catheter can also be particularly 
helpful in patients with non-symmetrically enlarged pros- 
tates. The catheter is capped, and the bladder should not be 
emptied to allow the bladder neck to be visualized on ultra- 
sound. The scrotum and penis are taped to the abdomen 
(Fig. 9.3). If advocated locally, antibiotic prophylaxis as per 
local sensitivities should be performed. 

If performed under local anaesthetic, the perineum is 
cleaned, and the patient is draped. Shaving the perineum is 
optional. Next, topical (peri-anal and rectal) placement of 
20 ml lidocaine gel and skin infiltration of local anaesthetic 
are advised prior to the probe being positioned. Skin infiltra- 
tion and anaesthetic block around upper part of the anal 
verge is performed with bupivocaine and adrenaline injec- 
tion (10 ml) B.P. 0.25% w/v 1 in 200,000 mixed with lido- 
caine and adrenaline injection (10 ml) L. w/v 1 in 200,000 
and left for 2 minutes to take effect. The prostatic block is 
performed using bupivocaine 0.25% (10 ml) mixed with 1% 
lidocaine (10 ml) with a black (22 g) spinal needle (Fig. 9.4). 
If performed under local anaesthetic, the use of background 
music decided during pre-procedure consultation may be 
beneficial to the patient experience. 

A biplanar ultrasound probe covered with an endocavity 
balloon mounted on a brachytherapy stepper is introduced 
into the rectum to visualize the prostate. While inflating the 
balloon with water, it is essential to make sure most or all air 
bubbles are removed to avoid image artefacts (Fig. 9.5). If 
gas in the balloon is a concern despite free filling, success 
may be found by creating a largish bubble, then moving it 
around internally to incorporate and coalesce all the air 
inside into one larger bubble which can be raised to the out- 
put point and extracted. If using water remains problematic, 


filling the balloon with gel may improve avoidance of air 
bubbles. 

A brachytherapy type 5-mm sterile disposable grid should 
then be attached to the stepper (Fig. 9.6). It is important that 
the template grid is calibrated to match the 5-mm grid seen 
on the ultrasound screen. 

After the probe is introduced (and if applicable peri- 
prostatic block performed), the midline reference plane is 
established by visualizing the urethra and the catheter at the 
centre of the sagittal plane or at the midline on the transverse 
plain on real-time ultrasound (Fig. 9.7). This should be 
equivalent to the capital letter “D” on the 5-mm biopsy grid 
on transverse (axial) view (Fig. 9.8). 

First, the posterior aspect of the prostate must be identi- 
fied within the biopsy grid. This is performed by manipulat- 
ing the probe and stepper anteriorly/posteriorly and inflating/ 
deflating the endocavity balloon. This is required to ensure 
appropriate sampling of the peripheral zone particularly at 
the level of the prostate base. Second, identification of the 
anterior aspect of the prostate position with reference to the 
bony pubic arch must be defined in order to ensure an unob- 
structed needle path. If required any combination of extended 
hip flexion, balloon deflation, and stepper repositioning may 
be helpful. 

If performed under general anaesthetic, once acceptable 
setup is achieved, the patient will be required to undergo 
perineal cleaning and sterile draping. 


Needle Deployment 


If the prostate is large enough, a visual division into cranial 
(base) and caudal (apex) halves should be performed on sag- 
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Fig. 9.4 Patient/probe preparation. (a) Patient draping and preparation. (b) Application of local anaesthetic (bupivacaine with adrenaline 0.5%). 
(c) Attachment of grid and plastic cover 
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and adequate lubricating gel 
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ittal view. The halves should be biopsied and potted individ- 
ually, meaning most prostates will require two cores from 
each grid point (Fig. 9.9). The urethral catheter inserted dur- 
ing the preparation stage is used to visualize the urethra. The 
midline of the anterior aspect of the prostate is spared from 
biopsy to avoid traversing the urethral lumen with the biopsy 


30-09-2014 
08:19:34 


8348 S 


Midline sagittal view of the prostate establishing the refer- 
ence plain by visualizing the catheter in the urethra. Kindly note the 
catheter balloon and the bladder base (b). The bladder base and the 
symphysis pubis (p) position should be considered while planning the 
biopsy. (a) The anterior area of the transition zone spared from biopsy 
to avoid urethral injury 


Fi Transverse (axial) 
view of the prostate showing 
the catheter and urethra 
(arrow) aligned at the 
coordinates D3 in the middle 
of the grid which confirms the 
midline alignment, divides the 
prostate into anterior and 
posterior aspects, and allows 
the operator to plan the biopsy 
zones. Please note that the 
peripheral zone is well 
covered by the biopsy grid 
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needles. The midline anterior coordinates should correspond 
to the D line in the grid. 

After obtaining a sample, the needle should be rinsed in 
chlorhexidine and then in sterile water before it is reloaded 
and passed back to the operator. To save time, two needles 
should be used in every procedure to allow the operator to 
biopsy while the sample is obtained from the other needle 
and allowing for it to be prepared and reloaded for use. 
Figure demonstrates the equipment set up. 


Assigning Zonal Anatomy to the Prostate 


Biopsy cores can be labelled individually according to their 
X, Y coordinates on the grid and Z coordinates relating to 
whether it is basal or apical. The alternative is to divide the 
prostate into zones. There are also several ways to divide the 
prostate into anatomical zones. Barzell et al. initially divided 
the prostate into octants and then further divided them into 
three zones yielding 26 separate specimen pots [28, 29] 
(Fig. ). 

A decision regarding cores taken for saturation mapping 
must be balanced against the costs of resources required and 
associated increase in morbidity. The choice of approach 
should be driven first by the required accuracy of informa- 
tion and second by the amount of burden and logistics that 
can be tolerated. For example, if a TTMPB is used as a refer- 
ence standard in a clinical trial validating a diagnostic modal- 
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Fig. 9.9 Needle deployment. (a) Apical sampling: needle positioned 
against the apical capsule. (b) Apical sampling: needle deployed. (c) 
Basal sampling: needle positioned to sample the base where the previ- 
ous biopsy tract ends, which can be tracked on the ultrasound screen 


ity like MRI as, for example, the PROMIS trial [7, 30], a 
core-by-core coordinate record would yield the most accu- 
rate information at the expense of theatre time, the need for 
logistical support, and histopathology processing cost. These 
issues can be mitigated using zonal sampling in which 5 mm 
sampling frequency is maintained, but the cores geographi- 
cally grouped and potted together. If the aim is for focal 
therapy, grouping the biopsies into zones should be sufficient 
to plan accurate treatment. In centres that only perform radi- 
cal therapy, there is much less emphasis on the location of 
the disease and more on the risk stratification of the patient; 
hence, there will be no benefit in obtaining that level of 
detailed information. Figure illustrates a Modified 
Barzell 20-zone approach similar to the approach used in 
PROMIS (Prostate MRI Imaging Study). At Imperial College 
Healthcare NHS Trust, a centre performing focal therapy 
performs a 12-zone biopsy technique in patients requiring 
further certainty in disease localization than provided by pre- 
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30-09-2014 
08:31:28 


and also felt as increased resistance once un-biopsied tissue is encoun- 
tered. (d) Basal sampling: needle deployed stopping just short of the 
bladder base 


vious biopsies or in men unable to undergo multiparametric 
MRI (Fig. ): 


Post-Procedure Care 


The biplanar ultrasound probe is to be removed, and a pressure 
dressing placed over the perineum. The catheter capped should 
be removed, to empty the bladder, and then removed, unless 
significant haematuria or peri-procedural prostatic swelling 
was noted (in which case we recommend that patients be dis- 
charged with an indwelling urethral catheter, and an appoint- 
ment for trial without catheter to be made in the next 5-7 days). 
The patients’ legs will need to be repositioned to the supine 
position. Clinicians should aim to discharge the patient on the 
same day, unless social/anaesthetic concerns dictate other- 
wise. As required ibuprofen and paracetamol are advised for 
5 days post-procedure. Alternatively, codeine/paracetamol 
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Fig.9.10 (a) Sterile water. (b) Chlorhexidine. (c) Plastic probe cover. 
(d) 5 mm brachytherapy grid. (e) Sterile gauze. (f) Drapes. (g) 
Superficial local anaesthesia (bupivacaine with adrenaline). (h) Deep 
local anaesthesia: used only in templates under local anaesthetic or 
sedation (without adrenaline). (i) Biopsy 18 g needles 


Fig. 9.11 Illustration from Barzell and Melamed demonstrating 26 
Barzell zone biopsy localization. (From Barzell and Melamed [29], 
with permission Elsevier) 


combinations post-procedure may be used for 5 days only if 
NSAIDS are contraindicated. 


Complications and Side Effects 


Most notable complications associated with transperineal 
biopsy appear to be urinary retention, alongside the need for 
anaesthetic/sedation. Comparison of complications and side 
effects between transperineal biopsy and TRUS-guided 
biopsy demonstrates a generally improved morbidity profile 
(21-24, 31]. Predictably, the transperineal route results in 
much fewer urosepsis and prostatitis events [21-23]. An 
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analysis of short-term patient-reported outcomes post 
TTMPB observed no hospital admission for UTI sepsis, 
and <1% need for admission due to complications post- 
procedure; no change in EPIC urinary scores, however, did 
demonstrate an increase in IPSS and IPSS quality-of-life 
score [32]. 

The rate of acute urinary retention post TTMPB is associ- 
ated with increased number of cores taken [33] and is noted 
to be higher than that observed after TRUS biopsy [34]. 
Skouteris et al. supported the increased risk of acute urinary 
retention post TTMPB over TRUS-guided biopsy and was 
further associated with increased number of cores taken, 
increased age, and increased prostate volume [35]. These 
data could be used to better counsel patients prior to consent- 
ing to biopsy. 


The Diagnostic Performance of Template 
Mapping Biopsies 


Numerous studies now directly compare the use of template 
mapping biopsies against (a) TRUS guided, (b) image guided 
target only, and (c) combination mapping and targeted biopsy 
(Table 9.1). These have revealed that overall cancer detection 
rates are either equivocal or improved with TMPB over 
TRUS [10, 12, 16, 21, 31, 36]; however, the results improve 
further when combining targeted and TMPB [6]. 


Validation of Template Mapping Biopsies 


TTMPB have been demonstrated to improve concordance of 
histology reports after radical prostatectomy when compared 
to TRUS biopsy [12, 45]. The implication of such results 
suggests that TTMPB leads to more appropriate selection of 
men being managed with radical prostatectomy, over those 
diagnosed with TRUS-guided biopsy. 

Chen et al. advise the use of template mapping biopsies in 
combination with targeted biopsy in patients potentially suit- 
able for active surveillance, as the rates of upgrading or upstag- 
ing prostate cancer to the level where active surveillance is no 
longer an acceptable management option is 26% [13]. 


Future of Transperineal Biopsy 


Overall systematic reviews have revealed that clinically sig- 
nificant prostate cancer is more often detected while using a 
combination of template mapping biopsy with targeted 
biopsy, whilst still able to reduce the overdiagnosis of clini- 
cally insignificant prostate cancer [4, 6, 19]. Freifeld et al. 
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Name: 
Hospital Number: 
Date of Birth: 


Date: 


4 2 8 
+ + + 
No No No 
GI GI GI 
Max Max Max 
2.0 or 
w 
20 ; 18 2.5cm 
+ 
Base se No 
Gl 
Gl Max 
Max 


Modified Barzell Zones 


1 Left Parasagital Anterior Apex 11 Left Lateral 
2 Left Parasagital Anterior Base 12 RightLateral 


Clinically insignificant 


3 Right ParasagitalAnteriorApex 13 Left Parasagital Posterior Apex disease 

4 Right ParasagitalAnteriorBase 14 Left Parasagital Posterior Base 

7 oh — 15 RightParasagital Posterior Apex Gleason = 3+4 AND/OR 
idline Base 16 Right Parasagital Posterior Base ¥ 

7 Left Medial Anterior Apex 17 Left Medial Posterior Apex Max Cancer length 4-Smm 

8 Left Medial Anterior Base 18 Left Medial Posterior Base 

9 Right Medial Anterior Apex 49 Right Medial Posterior Apex Gleason >/= 4+3 AND/OR 

10 Right Medial Anterior Base 20 RightMedial Posterior Base Max cancer length >/=6mm 


Fig. 9.12 Modified Barzell 20-zone approach similar to the approach used in PROMIS (Prostate MRI Imaging Study) 
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Name: 

Hospital Number: 
Date of Birth: 
Date: 


Modified Barzell Zones 


1 Left Anterior Apex 
2 Left Anterior Base 
3 Right Anterior Apex 
4 Right Anterior Base 
5 Midline Apex 

6 Midline Base 
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Imperial College Healthcare NHS) 


NHS Trust 


Ei HGPIN / atypical acini 

EX Clinically insignificant 
disease (G3+3 up to 3mm) 
Gleason = 3+4 AND/OR 
Max Cancer length 4-5mm 


Gleason >/= 4+3 AND/OR 
Max Cancer length >/=6mm 


7 Left Posterior Apex 

8 Left Posterior Base 

9 Right Posterior Apex 
10 Right Posterior Base 
11 Left Lateral 

12 Right Lateral 


Fig. 9.13 Modified 12-zone approach applied in clinical practice in Imperial College Healthcare NHS Trust. (Courtesy of Imperial College 


London Healthcare NHS Trust) 
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Table 9.1 Peer reviewed studies reporting outcomes following transperineal template mapping prostate biopsies 


Study 
Pal et al. 
2011 [9] 


Nafie et al. 
2017 [10] 


Bittner et al. 
2018 [11] 


Marra et al. 
2017 [12] 


Chen et al. 
2017 [13] 


Mehmood 
et al. 2017 
[15] 

Voss et al. 
2017 [14] 


Takenaka 

et al. 2007 
Bi 

Baco et al. 
2015 [37] 


Zhou et al. 
2018 [38] 


Simmons 
et al. 2018 
[39] 


Ting et al. 
2016 [40] 


Kongnyuy 
et al. 2017 
[41] 


Kanthabalan 
et al. 2016 
[42] 


Size Age PSA 
AQ | ORY") BIG 
AD OS) aS he 
1118 Unk 6.1? 
250 60.14 11.08 
a b 
D EDA 0) 
b 
O IO Na. 
208163.5 | 3° 
ATO | Vili) NLA» 
IE) |6 T3 
DO IS 
249 62.67 7.17 
b 
148 65° 5.0° 
1262 62.27 6.6° 
77 TOE = 4.68 


Design 
Prev. 
negative 
TRUS 
Prev. 
negative 
TRUS 
Prev. 
negative 
biopsy 
Patients 
undergoing 
RP 


AS patients 


Prev. 
negative 
TRUS 

Prev. TRUS 
positive 


Biopsy naive 


Biopsy naive 


Biopsy naive 


Prev. Biopsy 


Mixed 
cohort 


Biopsy naive 


Post- 
radiotherapy 


36 


59 


24-38 


Unk 


>6 


50 median 


12 


2 for TB, 
12 for 
random 
TRUS 
2+23 


4.3 + 48.7 
mean 


24 


2) 


Unk 


Technique 
TIMPB 


TTMPB 


TTMPB 


TTMPB 


TTMPB 


TTMPB 


MRI and 
template 


TTMPB 


Variable 


TB and 
TTMPB 


TB and 
TTMPB 


Variable 


Combined 
fusion and 
SB 


Combined 
fusion and 
TTMPB 


Definition 
Any cancer 


Any cancer 


Any cancer 


Any cancer 
with further 
classification 
of significance 


Any cancer 
detected per 
core 

Any cancer 


Any cancer 
with further 
classification 
of significance 
Any cancer 


Any cancer 
with further 
classification 
of significance 
Any cancer 
with further 
classification 
of significance 


Any cancer 
with further 
classification 
of significance 


Any cancer 
with further 
classification 
of significance 


Any cancer 
with further 
classification 
of significance 
Any cancer 
with further 
classification 
of significance 


Measure 
CDR 


CDR 


CDR 


Validation 
against RP 


CDR 


CDR 


CDR 
upgrading 


CDR 


CDR 


CDR 


CDR 


CDR 


CDR 


CDR 


Results 
68% 


48% 


56% 


75.5% 
concordance 
with RP, 
upgraded in 
12.7% 

6.5% 


31.2% 


39.9% were 
upgraded after 
TTMPB 


47% 


44% vs 49% 
csPCa 

59% vs 54% 
any cancer 
48.9% 


48.5% 


49% 


64.1% 


89.6% 
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Further Info 


37% men had a 
change in 
management 


Comparable CDR 
using 2 core TB 
vs random TRUS 


TB misses 
peri-urethral 
lesions, but 
generally is 
comparable to 
TTMPB 

TB are accurate 
in comparison to 
TTMPB, 
however 
improved with 
cognitive target 
as well 
Increased csPCa 
CDR with 
combined 
method, but 
increased cisPCa 
as well 


(continued) 
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Table 9.1 (continued) 
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Cores 
Study Size Age PSA Design (no.) Technique Definition Measure Results Further Info 
Rouviere 275 64° 6.5 Biopsy naive 12 Variable ISUP CDR 29.9% 
et al. 2019 classification 
[43] 
Freifeld etal. 116 63.7% 10.36 Mixed 2-3+12 Variable Any cancer Sensitivity 85.5% 
2018 [44] b cohort 


unk Unknown/ not specified, AS Active surveillance, TTMPB Transperineal template mapping prostate biopsy, SB Systematic biopsy, TB Targeted 
biopsy, CDR Cancer detection rate, csPCa Clinically significant prostate cancer, cisPCa Clinically not significant prostate cancer 


Median 
ÞMean 


Target in PZ 


Target and targeted biopsies 
(4-6 per target) 


suspicious PZ (lateral and medial) 


Non- targeted systematic biopsies of MRI non- 


Target in TZ 


Non-targeted systematic biopsies of MRU non- 
suspicious PZ lateral and medial 


Fig. 9.14 Increased peripheral zone sampling with image guided targeted biopsy 


demonstrated the biopsy method resulting in highest sensi- 
tivity was using targeted and ipsilateral systematic biopsy 
[44]. The PICTURE Trial reported 17% of csPCa detected 
on TTMPB but not on targeted biopsy alone [39]. Further 
Zhou et al. report 9.1% of patients with mpMRI PiRADS 
score of <3 were diagnosed with prostate cancer after 
TTMPB [38]. In support of these findings, csPCa CDRs also 
were improved using targeted biopsy with systematic biopsy 
[40, 43, 46]. The most economic and core efficient form of 
biopsy is by using targeted biopsy/reduced core biopsy only 
[26, 40, 42, 47, 48]; however, a significant learning curve 
may limit its uptake [49]. During the learning curve phase, 
biopsy error can be apparent [42, 49, 50]. Further the com- 
bined approach of fusion targeted biopsy with systematic 
biopsy technique was identified as detecting more csPCa, 


with equivalent rates of ciPCa detection in comparison to 
systematic biopsy alone [41, 43, 44]. At Imperial College 
Healthcare NHS Trust, the use of increased peripheral zone 
sampling alongside image-guided targeted biopsy is advo- 
cated (Fig. 9.14). Such methodology allows for a balance 
between diagnostic accuracy and risks of additional cores 
biopsies taken and permissible due to excellent mpMRI 
reporting and biopsy mentoring by expert clinicians. Patients 
are counselled towards undergoing TTMPB if: 


e mpMRIs are contraindicated or not tolerated patients, 

e Previous targeted or random biopsies result in discordant 
reporting of disease localization compared to imaging 
where tissue preserving management is considered, 

e As part of research mandated protocols 
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Traditionally targeted biopsies have used brachytherapy 
grid to guide clinicians’ needle deployment. Newer have 
allowed use of freehand biopsies. PrecisionPoint™ 
Transperineal Access System (Perineologic, Cumberland, 
MD) allows for a common puncture site on each side of the 
prostate, allowing for easier ‘in-office’ transperineal prostate 
biopsies [51]. Learning curves may be shortened in using the 
Trinity™ system (Koelis, Meylan, France), in which biopsy 
location allows 3D stereotactic tracking of biopsies, allow- 
ing users to reflect upon disease localization. This may 
enable clinicians to quicker transition from performing 
TTMPB to targeted prostate biopsies [52]. Until considered 
an expert user in performing grid-assisted or freehand- 
targeted biopsy + systematic sampling, clinicians should 
consider the use of contemporaneous TTMPB [46]. 

A considerable concern regarding TTMPB is the need for 
general anaesthetic; increasing numbers of centres are show- 
ing techniques of performing TTMPB under local and/ or 
limited sedation [26, 27]. Such techniques have been out- 
lined above and have been reported as having acceptable tol- 
erance [25, 32]. As users are increasingly able to perform 
TTMPB, use of local anaesthetic may allow for improved 
time efficiency and enable delivery of such biopsies in the 
outpatient setting. Altok et al. reported that a significant cost 
surrounding TTMPB is due to the use of generally anaes- 
thetic or sedation [27]. A randomized control trial has dem- 
onstrated that the use of coaxial Tru-Cut needles results in 
quicker and less painful transperineal biopsies compared to 
using non-coaxial 18-gauge needles [53]. It would be antici- 
pated that the cost-effectiveness would increase with adop- 
tion of local anaesthetic only; further the procedure would be 
available to men who are not suitable for sedation or general 
anaesthesia. 

Clinicians must also balance the need for diagnostic accu- 
racy provided by TTMPB, against the increased risk of acute 
urinary retention and worsening of reported lower urinary 
tract symptoms, taking into consideration the patient demo- 
graphics [32, 35]. 


Uptake in the UK Population 


Learning curves remain an ongoing concern when imple- 
menting a new technique [49]. Template biopsy remains an 
excellent choice in men with a high suspicion of prostatic 
disease. There is certainly a role for TTMPB in: 
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(a) Men with previously negative biopsies [9-11, 39] 

(b) Confirmation of disease in patients with high suspicion 
of prostate cancer despite lack of discernible lesion on 
imaging [6] 

(c) Confirmation of disease stage and grade for patients 
intending to undergo active surveillance [13] 

(d) Men unable to undergo MRI to allow for targeted biopsy 

(e) Men unable to undergo TRUS biopsy (e.g. discomfort, 
tight anal verge/canal) 

(f) Clinicians aiming to develop targeted with limited sam- 
pling biopsies, to ensure appropriate sampling of the 
prostate during the learning curve phase [49] 


All transperineal approaches to biopsy require upfront 
investment of resources, along with an acceptance of high 
cost associated with the biopsy episode [27]. However, in 
considering the more accurate diagnosis, leading to more 
appropriate patients enrolling into active surveillance pro- 
grammes, fewer over-diagnosis of clinically indolent pros- 
tate cancer (requiring monitoring) and fewer patients being 
over-treated, the overall healthcare associated costs are 
comparable if able to be performed under local anaesthetic 
[26]. A survey of impact upon pathology departments 
revealed a perceived increase in workload and subsequent 
costs, and these require careful negotiation [54]. Therefore, 
healthcare providers should consider development of such 
a service, as the long-term impact of improved patient mor- 
bidity, more accurate diagnoses, and subsequent appropri- 
ate management is likely to show significant long-term cost 
benefits [50]. 

Though TTMPB is considered a safe technique, with 
fewer post-procedure complications, it is associated with 
increased acute urinary retention rates in comparison to 
TRUS-guided biopsy. Rates of acute urinary retention is 
strongly correlated with the number of cores taken [34]; 
therefore, targeted TP biopsy, with limited systematic biopsy, 
may provide the balance of csPCa CDRs with complication 
rates. Such techniques require an appropriately powered ran- 
domized control trial to determine. 

Resource costs associated with TTMPB may also be fur- 
ther minimized in the adoption of image-guided and reduce 
core targeted biopsies; however, these also have their own 
limitations. Therefore, TTMPB still has a role in the setting 
where no discernible lesion is identified upon mpMRI, 
despite a suspicion of prostate cancer, or in difficult to access 
lesions [6, 38]. 
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Conclusion 


Transperineal template mapping biopsies are safe, tolerable, 
and an accurate diagnostic technique. Despite its associated 
upfront resource costs, TTMPB is reported to improve clini- 
cally significant cancer detection rates, in comparison to tra- 
ditional TRUS-guided biopsy. Considering the management 
implications resulting from inaccurate biopsies, one must 
not underestimate the learning curve in performing image- 
guided biopsies, thus TTMPB can be used as a safety net 
during this phase of a clinician’s development, whilst ensur- 
ing accurate diagnoses. 

Further TTMPB can be useful to accurately diagnose and 
locally stage prostate cancer in men unable to undergo MRI 
and targeted biopsy. TTMPB is a technique that can be used 
in research settings, to validate diagnostic biomarkers. 
Ultimately a well-powered randomized control trial is 
required to identify the optimal technique for both expert and 
emerging centres. 
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Contrast-Enhanced Ultrasound 


Contrast-enhanced ultrasound (CEUS), the exploitation of 
ultrasound contrast agents (UCAs) in conjunction with con- 
trast specific imaging techniques, is increasingly used in 
clinical urological practice for diagnostic imaging and pos- 
tinterventional monitoring. In the last decade, extraordinary 
progress has been made that evidences the potential of 
CEUS; it has evolved from an additional tool for Doppler- 
based imaging into a real-time continuous scanning tech- 
nique, allowing detailed (quantitative) analysis of the 
enhancement patterns in all (post) vascular phases. This 
paragraph describes the relevant practical and technical con- 
siderations of UCAs and imaging techniques in CEUS. 


Ultrasound Contrast Agents 


UCAs are gas-filled microbubbles coated by a biocompatible 
shell of lipid, protein or polymer in a saline solution. UCAs 
are generally administered intravenously into the blood- 
stream and pass through the smallest vessels, allowing for 
dynamic visualization of the microvascular architecture [1]. 
Clinically available UCAs are similar in size to red blood 
cells. As a consequence, these microbubbles are too large to 
cross the endothelium, exhibit no extravascular leakage, and 
are essentially markers for the blood pool. In addition, UCAs 
can also be administered extravascular or intracavitary for 
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the imaging of physiological and nonphysiological body 
cavities [2—4]. 

UCAs were introduced for the first time in 1968 for echo- 
cardiography [5]. Since then different generations of UCAs 
have been developed that can be classified according to their 
pharmacokinetics which is expressed in terms of the ability 
of the UCA to pass the pulmonary capillaries and the half- 
life in the human body. The first generation of UCAs, e.g., 
Echovist™ (Schering AG, Berling, Germany), contained air 
as gas and did not pass the pulmonary vascular bed due to 
their high blood solubility [6]. Their clinical utility was 
therefore limited to the venous system and right heart cavi- 
ties after intravenous injection; however, they have been 
replaced by new generation UCAs. 

Second-generation UCAs are sufficiently small (mean 
diameter: 2-3 um), stable, and have low solubility in blood to 
pass into the systemic circulation. This is achieved by the use 
of an inert lipophilic gas, such as sulfur hexafluoride, octa- 
fluoroproprane, perfluorobutane, and a thin and flexible 
membrane of lipid, phospholipids or albumin which stabi- 
lizes the bubbles prolonging their half-life to a few minutes 
[7]. Second-generation UCAs are strongly echogenic across 
a wide range of frequencies and acoustic pressures. They are 
currently most frequently used for both disruption- 
replenishment and bolus injection techniques. A representa- 
tive sample of currently used second generation UCAs 
includes Sonovue® (Bracco Imaging SpA, Milan, Italy), 
known in the USA as Lumason®, Optison®, Sonazoid® 
(GE Healthcare, Chicago, IL, USA) and Definity® (Lantheus 
Medical Imaging, North Billerica, MA, USA). Third- 
generation UCA Echogen® (Sonus Pharmaceuticals Inc, 
Bothell, WA, USA), consists of microbubbles stabilized with 
surfactants in a colloid emulsion. This allows prolonged con- 
trast effect (greater than 5 minutes) in comparison with 
second-generation UCAs, but commercial fabrication of this 
UCA has currently discontinued [8]. 

A novel emerging strategy in ultrasound imaging is that 
of targeted CEUS (molecular ultrasound) [9]. It combines 
ultrasound with molecularly targeted UCAs for the assess- 
ment of biological processes at the molecular level. These 
UCAs are microbubbles that are targeted to specific molecu- 
lar markers (e.g., vascular endothelial growth factor receptor 
(VEGEFR)), by decorating the bubble shell with high-affinity 
binding ligands. These targeted UCAs accumulate in tissue 
sites that overexpress these specific molecular markers, 
thereby enhancing the ultrasound signal. Novel molecularly 
targeted UCAs for clinical use are currently under develop- 
ment to expand the clinical armamentarium with targeted 
CEUS imaging [10, 11]. 

Using the optimal UCA dose is important, since too low 
concentration of microbubbles could be subdiagnostic with 
low signal, while a too high concentration of UCA causes 
artifacts including acoustic shadowing, over-enhancement of 
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small structures, and signal saturation. A 1.2 mL (1/4 vial) 
and 2.4 mL (1/2 vial) bolus of Sonovue®/Lumason® is most 
frequently used for CEUS imaging of the kidney and pros- 
tate, respectively. An injection speed of 1-2 mL/s is advised 
as high pressure could lead to microbubble destruction. The 
smaller the syringe, the higher the injection pressure. After 
injecting the UCA, a 5mL saline bolus should be given to 
flush the line [12]. Repeated UCA injections are possible but 
one must be aware that, for the majority of indications, rein- 
jection of UCAs should be performed when the concentra- 
tion of bubbles from the previous injection has largely 
dissolved. 

Following initial anecdotal reports of patient deaths and 
serious adverse reactions that occurred in close temporal 
relationship to UCA injection, the U.S. FDA imposed a black 
box warning and severe restrictions on the use of the com- 
mercially available UCAs in October 2007 [13]. Subsequent 
investigator-initiated and manufacturer-sponsored safety 
studies have documented a good safety profile for UCAs, 
including use in critically ill hospitalized patients [14]. As a 
consequence, the FDA revised product labeling for the com- 
mercially available UCAs in 2008 and 2011 and current 
commercially available UCAs have good clinical safety with 
a very low incidence of side effects and minimal risk to 
patients [14]. After use in thousands of patients, adverse 
events of UCAs appear to be mild, transient, and resolve 
spontaneously within a short time without sequelae [15-17]. 
The most frequently mentioned minor side effects of UCAs 
are headache (2%), nausea (1%), chest pain or chest discom- 
fort (<1%) [4, 18]. Severe adverse events in abdominal appli- 
cations, which consist of life-threatening anaphylactic 
reactions, are very rare (<0.001%) with an incidence lower 
than that of current iodine-based CT contrast agents and 
comparable to that encountered with gadolinium-based MR 
contrast [1, 19]. Nonetheless, ultrasound personnel should be 
trained in resuscitation and have the ability to treat anaphy- 
lactic shock if it occurs. In contrast with CT and MRI, there 
is no risk of nephrotoxicity and therefore no necessity to per- 
form laboratory tests to assess renal function prior to 
administration. 


Examination Technique 


UCAs were initially used for enhancement of Doppler tech- 
niques [20]. As the commonly adopted acoustic pressures in 
Doppler ultrasound disrupted the UCA microbubbles, 
“destruction-replenishment” was introduced [21]. In this 
procedure, tissue reperfusion in the imaging plane is mea- 
sured after disrupting all microbubbles with a high-intensity 
flash. By lowering the mechanical index, UCAs can be 
imaged in a nondestructive fashion based on the separation 
between the nonlinear response induced by the microbubble 
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oscillations and (pseudo) linear ultrasound signal reflected 
by tissues. A wide variety of techniques (i.e., harmonic imag- 
ing, power modulation, and pulse inversion) generally 
referred to as contrast-specific imaging techniques or CEUS 
have been specifically developed to isolate these nonlinear 
signals backscattered by microbubbles from those backscat- 
tered by blood and tissue [22-24]. 

Several technical and procedural parameters have a 
significant influence on CEUS quality and should there- 
fore be carefully monitored to maintain good image qual- 
ity for a reliable diagnosis. First of all, only ultrasound 
machines that offer nonlinear imaging modes designed 
for contrast imaging should be used in combination with 
transducers that have specific CEUS-optimized settings. 
Clinicians wishing to perform CEUS need to ensure that 
their ultrasound scanning machine is optimized for CEUS 
acquisitions and postprocessing of data [25]. Clinicians 
should have understanding of the relevant physics, techni- 
cal adjustments, and contrast-media variability and should 
have training in CEUS prior to start, since the diagnos- 
tic performance of CEUS is correlated with the exam- 
iner’ level of CEUS experience [1, 26, 27]. Experts from 
the World Federation for Ultrasound in Medicine and 
Biology (WFUMB), European Federation of Societies 
for Ultrasound in Medicine and Biology (EFSUMB), 
International Contrast Ultrasound Society (ICUS), and 
CEUS Liver Imaging-Reporting and Data System (CEUS 
LI-RADS) regularly provide general advice and reviews of 
technical parameters for optimal and standardized CEUS 
procedures to facilitate correct diagnoses [1, 4]. 

For urological applications in general, CEUS should 
always be interpreted in the context of the B-mode ultra- 
sound image and the overall clinical picture [4]. A dual- 
image display format with both the CEUS image and the 
conventional B-mode fundamental image is therefore very 
useful, and also it allows the operator to keep the lesion (or 
target tissue) in the imaging plane. Before examining the 
condition with CEUS, precontrast preparations include the 
identification of the best position for the patient and the iden- 
tification of the optimal imaging plane for the target lesion. 
The dynamic range needs to be optimized to the expected 
enhancement pattern while the focus should be positioned 
deep to the target lesion to achieve a uniform acoustic field. 
The gain is set slightly above the noise floor to prevent sub- 
diagnostic imaging (too low gain) or signal saturation (too 
high gain) as demonstrated in Fig. 10.1. [28]. 

A CEUS recording can be made after administration of an 
UCA bolus or by continuous infusion. Optionally, bubbles in 
the imaging plane can be destroyed by a high-intensity ultra- 
sound flash to evaluate reperfusion. The CEUS recording is 
subsequently analyzed qualitatively and (if possible) quanti- 
tatively. In a qualitative analysis, the contrast behavior of a 
lesion or region of interest is preferably described in terms of 
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the timing and degree of enhancement in comparison to the 
surrounding “normal parenchyma”. Timing of events (early 
vs. late onset, fast vs. slow inflow) on CEUS should be 
recorded by a visible timer on the scanner screen. A useful 
sequence for a bolus injection is to scan continuously and 
record a cine loop from the time of contrast injection to 
include earliest arrival, up to 90-120 seconds to include peak 
enhancement and wash-out. Enhancement refers to the inten- 
sity of the signal relative to the adjacent parenchyma and the 
degree of enhancement can be described as nonenhancing 
(complete absence of enhancement), isoenhancing (compa- 
rable signal intensity relative to the adjacent parenchyma), 
hyper-/hypo-enhancing (higher/lower signal intensity rela- 
tive to the adjacent parenchyma). 

To overcome the important drawbacks of qualitative 
interpretation of CEUS patterns, such as the rather steep 
learning curve and the high inter-observer variability, several 
quantitative approaches are available to assess perfusion and 
other specific features which are difficult to appreciate in 
unprocessed CEUS recordings [29]. Quantitative analysis is 
typically performed using a bolus injection and time- 
intensity curves (TICs), which depict the backscattered 
acoustic intensity in a region of interest in the imaging plane 
as a function of time [1, 30]. For the relatively low concen- 
trations of UCA used in CEUS imaging, relation between 
acoustic intensity and contrast concentration may be consid- 
ered approximately linear [31]. 

In general, two types of parameters are extracted from 
TICs. Heuristic parameters extracted directly from the TIC 
shape and model-based parameters. The first type of param- 
eters typically feature effects based on timing and amplitude. 
The terms “wash-in” and “wash-out” are often used. 
“Wash-in” refers to the increasing enhancement from the 
arrival of UCA in the field of view to peak enhancement. 
“Wash-out” refers to the reduction in enhancement following 
peak enhancement [12]. Several model-based parameters are 
also available and for the bolus injection technique, classical 
indicator dilution models can be used to describe the UCA 
transport process [32]. For quantitative studies, it is critical 
to maintain the transducer in the same position. 


CEUS in Urological Practice 


Imaging plays a key role throughout the patient pathway in 
urology, from diagnosis and staging to the assessment of 
treatment response. CEUS has been generally used for the 
diagnosis of prostate cancer (PCa) (through improved target- 
ing for prostate biopsy) and also for the characterization of 
renal masses. Current clinical applications of CEUS in the 
prostate have expanded to include interventional and postint- 
erventional treatment evaluation and monitoring of focal 
therapy for PCa and benign hyperplasia (BPH) treatment. 


“h- e” ae ® 


Fig. 10.1 Gain settings in CEUS. (a) Low gain settings result in under- 
estimation of the microbubbles located in the microcirculation. (b) The 
proper gain setting results in a correct display of microbubbles in both 
the micro- and macro-vessels. (c) High gain results in signal oversatura- 
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tion and the image is too bright, making the distinction between macro- 
and micro-vasculature more difficult (From Dietrich et al [1], with 
permission Thieme) 
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Currently, established applications in the kidney are the dif- 
ferentiation between solid tumors, pseudotumors, and com- 
plex cysts, evaluation of ischemic renal disorders, and 
evaluation of renal tumor ablation. Furthermore, CEUS is an 
evolving useful additional examination to conventional US 
in scrotal pathology while contrast-enhanced voiding uro- 
sonography (ceVUS) should be used in the initial examination 
for suspected vesicoureteral reflux (VUR). This paragraph 
elaborates on all relevant applications of CEUS in urological 
practice. 


Prostate Diseases 


Diagnosis of Prostate Cancer In the area of prostate dis- 
eases, CEUS has been mainly applied in the diagnosis of 
PCa by transrectal ultrasound (TRUS). B-mode TRUS is nei- 
ther sensitive nor specific enough for targeted prostate biopsy 
and therefore B-mode TRUS is currently merely used for 
needle guidance of a 10 to 12-core systematic biopsy proce- 
dure rather than as a diagnostic imaging modality [33]. 
However, this biopsy procedure is known to vastly miss and 
undergrade clinically significant PCa tumors while many 
men undergoing TRUS-guided systematic biopsy never have 
PCa diagnosed [33-35]. An imaging tool providing reliable 
detection and localization of clinically significant PCa is 
necessary to improve the diagnostic pathway with imaging- 
targeted biopsies. Dating back as far as 1997, attempts to 
improve the detection and diagnosis of PCa have been made 
with the use of UCAs [36]. Various studies demonstrated 
improved imaging of the prostate macrocirculation and 
increased detection rates of PCa with a combination of 
contrast-enhanced Doppler TRUS and TRUS-guided sys- 
tematic biopsy in comparison with TRUS-guided systematic 
biopsy alone [36-39]. 

With the availability of contrast-specific modes on endo- 
cavitary transducers, transrectal contrast-specific imaging 
of the prostate became possible during the last decade to 
visualize the blood flow in the microvessels of the prostate. 
PCa tumors require increased blood supply provided by 
angiogenesis to progress beyond the size of 2 mm and 
develop into a clinically significant tumor [40]. These small 
angiogenic vessels typically exhibit an irregular, tortuous 
architecture, and altered, leaky, endothelial lining causing 
irregular blood flow [41]. These alterations in tumor vascu- 
larity and microvascular flow patterns are targeted by 
CEUS and associated quantification techniques. The most 
useful qualitative cues for PCa suspicious areas are a rapid 
inflow, increased maximal (peak) enhancement compared 
to the surrounding tissue, and/or hypoenhancing/nonen- 
hancing of an area with clear hyper-enhanced boundaries, 
as demonstrated in Fig. 10.2 [42, 43]. A 2013 meta-analy- 
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sis, including 16 studies with a total of 2624 patients, found 
a pooled sensitivity and specificity of CEUS for PCa of 
70% and 74%, respectively [44]. 

Although the qualitative interpretation and subsequent 
targeting of lesions on CEUS have shown promising results 
for PCa detection, the sensitivity is not sufficiently high to 
replace systematic biopsy [45, 46]. Moreover, this approach 
is hampered by a steep learning curve, equipment require- 
ments, and inter-observer variability [29]. 

To overcome these drawbacks, objective quantification 
techniques using time intensity curves (TICs) have been 
introduced for PCa detection [47-49]. Jung et al. showed 
that quantitative analysis of perfusion parameters could 
accurately localize cancerous areas with a sensitivity of 88% 
while Postema et al. demonstrated that interpretation of 
CEUS with parametric maps of perfusion parameters 
improved diagnostic performance in comparison with CEUS 
alone (sensitivity: 91% and specificity 56% vs. sensitivity 
73% and specificity 58%). Interpretation of CEUS with para- 
metric maps showed good prediction of biopsy outcome and 
a two-third reduction in biopsy cores seemed feasible with a 
modest decrease in cancer diagnosis [47, 50]. Lastly, 
Maxeiner et al. demonstrated that quantification of CEUS 
parameters with perfusion analysis software (VueBox, 
Bracco) was able to discriminate PCa aggressiveness during 
MRI-TRUS fusion-guided prostate biopsy [51]. 

Most quantitative CEUS approaches of the prostate assess 
blood perfusion parameters (e.g., “wash-in rate”, “peak 
intensity”, and “time to peak enhancement’). Instead of 
quantifying perfusion parameters, Mischi et al. focused on 
the dispersion kinetics (intravascular microbubble spreading 
by apparent dispersion) of the UCA, a method called 
contrast-ultrasound dispersion imaging (CUDI) [49, 52]. 
The rationale behind this approach is that on the microvascu- 
lar level, the properties of the angiogenic microvasculature 
associated with malignancy are better reflected by dispersion 
than perfusion [40, 53]. Dispersion within malignant tissue 
is predictably lower because of the less efficient, irregular 
structure of the angiogenic microvascular network. On the 
other hand, perfusion is promoted by high microvessel den- 
sity and arteriovenous shunts, but counteracted by tortuosity, 
aberrant endothelial lining, and higher interstitial pressure in 
tumors have a negative effect on perfusion. The dispersive 
behavior of the microbubble bolus has been assessed with 
curve fitting and similarity analysis [54-56] (Fig. 10.3). In 
these methods, the TIC of each pixel in the imaging plane is 
either fitted by a convective dispersion model or compared to 
its neighboring TICs, respectively. Preliminary validation 
with radical prostatectomy histology demonstrated promis- 
ing area under the ROC curves ranging from 0.72 to 0.84 
(52, 54, 57]. The clinical value of CUDI is currently under 
investigation in a prospective paired diagnostic confirmatory 
study comparing TRUS-guided systematic biopsy with mul- 
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Fig. 10.2 Cues of prostate cancer on CEUS. (a, b) Early/rapid 
enhancement of a region of interest (arrows). (c, d) Peak intensity of a 
region of interest (arrows). (e, f) Nonenhanced regions of interest with 


tiparametric MRI-targeted biopsy and CEUS/CUDI-targeted 
biopsy [58] (Fig. 10.4). 

Although clinical evidence of the usage of CEUS with 
quantification techniques for PCa diagnosis is increasing, it 
should still be considered a research subject [33]. New tech- 
niques are becoming available with the potential to increase 
the role of CEUS in PCa detection and diagnosis. First of all, 
four-dimensional (4D: three-dimensional [3D] + time) 
contrast-enhanced transrectal US imaging has been intro- 
duced and has shown diagnostic value for the localization of 
PCa [59, 60]. These 4D acquisitions enable tissue character- 
ization of the entire gland with just one UCA bolus injection. 


clear enhanced boundaries. Prostate biopsy confirmed clinically signifi- 
cant PCa in all presented images 


In two-dimensional diagnostic CEUS, the UCA is adminis- 
tered to image particularly the in- and out-flow of a single 
plane and multiple UCA injections are therefore needed to 
image several planes. With 4D, the risk of missing a lesion is 
reduced while the procedure time is significantly shortened. 
Another advantage is that full 3D modeling of the kinetic 
behavior of UCAs in the prostate is possible, since the 
assumptions are alleviated regarding absence of out-of-plane 
blood flow (that are theoretically needed for the evaluation of 
the UCA kinetics in 2D data). Secondly, the first use of tar- 
geted UCA microbubbles in humans was performed in men 
with PCa [10]. Ultrasound molecular imaging with BRS55, a 
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correlation 


Fig. 10.3 CEUS and CUDI quantification analysis of the prostate. A 
67-year-old man with a PSA-value of 5.2 ng/mL. The base plane of the 
prostate is presented. (a) A normal B-mode ultrasound with no clear 
hypoechoic lesions. (b) An early asymmetrical enhancement in the 
right peripheral zone of the prostate is visible in the first seconds and a 
per-pixel time intensity curve map is presented. (c and d) A suspicious 


Fig. 10.4 CEUS and MRI of the prostate. A 72-year-old man with a 
PSA-value of 6.4 ng/mL. The mid-apex plane of the prostate is pre- 
sented. B-mode: A hypoechoic area in the right dorsolateral part of the 
peripheral zone of the prostate is visible. CEUS: An early asymmetrical 
enhancement in the left and right peripheral zone of the prostate is vis- 
ible in the first seconds. At peak intensity, there is marked enhancement 
in the area in the right peripheral zone. CUDI (Combination param- 
eter): Both areas in the right and left peripheral zone of the prostate are 
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Péclet Number 


red-colored area in the dorsal left part of the right peripheral zone of the 
prostate on the CUDI parameters Correlation and Péclet number. (e) 
Radical prostatectomy histopathology findings demonstrated a Gleason 
score 3+4=7 prostate cancer focus in the right peripheral zone with 
invasion in the right seminal vesicle (prostate carcinoma delineated in 
red) 


Histopathology 


suspicious red-colored on the parametric map. MRI T2W: Hypointense 
areas on both side of the prostate on T2-weighted imaging. DWI: The 
corresponding areas show restricted diffusion on the ADC image. 
DCE: Suspicious early contrast-enhancement on DCE-MRI in both 
peripheral zones of the prostate. Histopathology findings: Radical 
prostatectomy histopathology demonstrated a Gleason score 4+3=7 and 
Gleason score 3+4=7 focus in the right peripheral zone and left periph- 
eral zone, respectively (prostate carcinoma delineated) 
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vascular endothelial growth factor receptor 2 (VEGFR2)- 
specific UCA, was feasible with clinical standard technology 
and demonstrated a good safety profile. Detectable levels of 
the UCA could be reached in patients with PCa opening the 
way for further clinical trials. Lastly, the combination of 
CEUS and other US modalities such as (shearwave) elastog- 
raphy and micro-ultrasound in multiparametric ultrasound 
could potentially reduce the risk of missing tumors that are 
not visible to one of the modalities and discriminate benign 
prostatic diseases like prostatitis that sometimes mimic 
malignant characteristics [61]. These improvements could 
pave the way to a more significant role of CEUS in PCa 
detection and diagnosis in the future. 


Monitoring and Follow-Up for Treatment of the 
Prostate Alongside diagnostic PCa applications, CEUS is 
developing its own important niche for monitoring and fol- 
low-up of (focal) treatment of PCa and BPH. 

Besides radical prostatectomy (RP), external beam radio- 
therapy (EBRT), and brachytherapy, new therapeutic options 
have emerged for patients with clinically localized PCa. 
These focal therapy modalities are minimally-invasive pro- 
cedures with the aim of providing equivalent oncological 
safety, reduced toxicity, and improved functional outcomes 
in comparison with whole-gland treatments [62]. Imaging 
plays a crucial role in these ablative therapies. The goal of 
focal therapy is to treat all significant PCa while minimizing 
collateral damage to adjacent vital structures, and this can 
only be achieved by accurate assessment of the lesion loca- 
tion, image guidance, and imaging feedback of the ablated 
zone. Although B-mode ultrasound may fall short for this 
purpose, CEUS could provide dynamic and real-time infor- 
mation to improve needle guidance, ablation therapy, and 
provide early evidence of tumor viability after loco-regional 
therapy [63]. Already in 2000, Sedelaar et al. demonstrated 
that absence of blood flow revealed by three-dimensional 
(2D sweeps + time) contrast-enhanced power Doppler ultra- 
sound images reflected affected tissue after high-intensity 
focused ultrasound (HIFU) treatment [64]. More recently, 
Apfelbeck et al. demonstrated that CEUS showed a reduc- 
tion of the microcirculation in the treated area immediately 
after HIFU treatment and 24 hours later [65]. In a study with 
laser thermal therapy, real-time monitoring on CEUS pro- 
vided a comparable information as measured by tissue 
devascularization on a l-week gadolinium enhanced MRI 
[66]. Similar results were obtained in a preclinical canine 
study of prostatic radiofrequency ablation, where both CEUS 
and DCE-MRI provided comparable accuracy at each phase 
with CEUS being more economical, and using more conve- 
nient equipment with faster scanning time [67]. In a clinical 
study with irreversible electroporation (IRE) prior to RP, Van 
de Bos et al. demonstrated that early post-IRE CEUS pro- 
vided a clear, dynamic, homogeneous, nonperfused image of 
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the ablation zone [68]. Interestingly, ablation zone volumes 
calculated on the post-IRE CEUS images compared with 
volumes calculated with the definitive RP histopathology 
images showed that, on average, CEUS estimated ablation 
volumes were 1.57 times greater than pathology volume 
measurements of the ablation zone. However, the close 
matches of CEUS with RP histopathology confirm the accu- 
racy of this imaging modality in rendering the ablation zone. 
A recent review also concluded that early post-IRE CEUS 
can visualize the ablation zone as sharply demarcated non- 
perfused tissue compared with perfused tissue outside the 
ablation zone, at 6 months and 1 year, deformation of the 
ablation zone within the prostate was observed [69]. 
Furthermore, regions with focal early enhancement on CEUS 
within or outside the ablation zone may be indicative for 
residual/recurrent PCa. Lastly, Beyer et al. showed a signifi- 
cant involution of the prostate gland on CEUS during the 
first 3 months and a significant decrease of the ablation zone 
on CEUS during the first 6 months after IRE for PCa [70]. A 
case-example of CEUS in the follow-up of IRE for localized 
PCa from our ongoing study is presented in Fig. 10.5 [71]. 

Transurethral resection of the prostate is currently the 
surgical treatment of choice for symptomatic BPH. Different 
minimally invasive treatments, such as transurethral micro- 
wave thermotherapy, prostatic artery embolization (PAE), 
and transperineal laser ablation are gaining acceptance as 
valid alternatives to reduce the well-known morbidity asso- 
ciated with surgical treatment [72-74]. Next to clinical and 
urodynamic parameters, prostate imaging with CEUS can 
possibly play role in the evaluation of the therapeutic ben- 
efit. Moschouris et al. recently performed early postinter- 
ventional CEUS after prostatic artery embolization for 
BPH [75]. The presence of infarctions on early post PAE 
was associated with clinical success. Furthermore, the 
extent of the infarctions correlated with the degree of pros- 
tate shrinkage in 3-month follow-up. A case-example of 
CEUS in the follow-up of transperineal laser ablation for 
symptomatic BPH from our ongoing study is presented in 
Fig. 10.6. 

In conclusion, both immediate and late ablation effects 
of focal therapy for prostate diseases seem accurately mea- 
surable by CEUS using a more convenient and economical 
equipment than MRI. However, larger studies with lon- 
ger follow-up are still needed to demonstrate the value of 
CEUS for residual and/or recurrent prostate diseases after 
treatment. 


Renal Diseases 
Diagnosis Ultrasound is the most common first line imag- 


ing technique for the evaluation of renal diseases. B-mode 
ultrasound and Doppler ultrasound are frequently used to 
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Fig. 10.5 CEUS follow-up for IRE of the prostate. IRE was performed 
in a man with a unilateral Gleason score 4+3=7 PCa in the right side of 
the prostate. (a) CEUS image before IRE treatment with asymmetrical 
peak intensity in the right peripheral zone (arrow). (b) CEUS image at 
6 months showing a sharply demarcated, nonperfused ablation zone in 


assess renal size and blood flow, to detect focal lesions and 
obstruction of the collecting system, and to identify vascular 
disorders [4]. However, both cannot reliably distinguish 
between benign and malignant lesions. CEUS provides real- 
time imaging of enhancement patterns in the cortex and 
medulla, allowing for an assessment of both the macro- and 
micro-vasculature of the kidney. CEUS has shown to be a 
valuable decision-making tool adjunct to standard (multi- 
phase) cross-sectional imaging in the diagnosis of indetermi- 
nate renal lesions and renal ischemia especially. CEUS is 
particularly attractive in patients with a history of chronic 
renal insufficiency, dialysis, kidney transplant, and contrast- 
enhanced MRI or CT contraindications such as a low glo- 
merular filtration rate (GFR), pacemakers, or claustrophobia 
[76]. The absence of renal excretion prevents obscuration or 
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the right side of the prostate (arrow). (c) CEUS and B-mode images at 
18 months showing deformation of the right prostate with a less-defined 
ablation zone (arrows). Of note: the adjacent B-mode images before 
and at 6 months are very similar 


confounding of a lesion’s enhancement pattern by collecting 
system enhancement. 

The reliable differentiation of renal cell carcinoma (RCC) 
from other solid benign renal masses such as angiomyoli- 
poma and oncocytoma has important implications. On 
CEUS, clear-cell RCC often presents as an early-enhancing 
lesion with a peripheral rim of enhancement (pseudocapsule) 
and an early washout. A quantitative assessment by King 
et al. demonstrated that clear-cell RCC had a shorter time to 
peak intensity and greater peak amplitude than the normal 
renal cortex [77]. However, features of clear-cell RCCs are 
heterogeneous and vary with the size of the tumor, especially 
in the homogeneity of enhancement and the presence of 
pseudocapsule sign [78, 79]. Moreover, papillary RCCs are 
typically hypoenhancing to the renal cortex on all phases, 
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Fig. 10.6 CEUS follow for transperineal laser ablation of benign 
hyperplasia of the prostate. Transperineal laser ablation of the prostate 
was performed in a man with symptomatic BPH. (a, b) CEUS showing 
a sharply demarcated, nonperfused ablation zones in both transition 
zones of the prostate on the transversal (a) and sagittal (b) images. (c, 


while chromophobe RCCs demonstrate intermediate 
enhancement patterns. A distinction from solid benign renal 
masses, such as oncocytoma or angiomyolipoma, is however 
difficult. As there is considerable overlap in the imaging fea- 
tures of angiomyolipoma, oncocytoma, and RCC, CEUS 
should not be used on its own to discriminate between these 
lesions [4, 78]. If a renal mass biopsy is required, CEUS can 
be of value over B-mode ultrasound in directing the biopsy 
needle to the most vascular parts of the (isoechoic) lesion. 
Furthermore, targeting of the enhancing regions of a lesion 
can improve positive biopsy-yield and decrease the nondiag- 
nostic rate by avoiding nonenhancing, potentially necrotic 
components [80]. For the evaluation of nephropathies, 
improved visualization of the atrophic parenchyma is possi- 
ble with CEUS. The portability and multiplane imaging of 
CEUS allow for biopsy approaches from different angles at 
any clinical location. 


Another application of CEUS in kidney diseases is the 
characterization of cystic renal lesions. CEUS demonstrates 
good diagnostic performance and appropriate Bosniak clas- 


d) CEUS of a patient showing a sharply demarcated, nonperfused abla- 
tion zone in the left transition zone of the prostate on the transversal (c) 
and sagittal image (d), while the right ablation zone is less well defined 
on the transversal image (arrow) (c). Of note: No clear ablation zone 
can be recognized on the B-mode images 


sification of complex renal cysts, comparable to contrast- 
enhanced CT and MRI [81]. Due to the dynamic examination, 
additional information can be gained on the number of septa, 
degree of septal wall thickening, septal enhancement, and 
enhancement of solid components, potentially useful for the 
treatment plan [82, 83]. Despite the presence of lesion calci- 
fication in complex cystic masses, CEUS is well-suited for 
the follow-up of nonsurgical complex cystic lesions and has 
potential to replace CT. Finally, suspected renal ischemia 
and infarction can be reliably proven by CEUS as renal 
infarcts appear as wedge-shaped nonenhancing areas within 
an otherwise enhanced kidney. CEUS is a reproducible tool 
and the diagnostic performance of CEUS for this indication 
is similar to that of CT imaging [84]. 

Of note, all of the applications of CEUS in native kidneys 
also apply to renal transplants. In renal transplant patients, 
CEUS can be utilized to assess overall blood flow to a trans- 
plant kidney, identify renal transplant ischemia and vascular 
complications. With its lack of nephrotoxicity, the absence of 
ionizing radiation and the ability to evaluate the enhance- 
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ment pattern of renal lesions quickly and in real-time, CEUS 
has unique advantages over cross-sectional imaging modali- 
ties in these specific patient groups. 


Monitoring and Follow-Up for Treatment of the 
Kidney Percutaneous ablation has emerged as a viable 
nephron-sparing treatment option for small renal masses 
[85]. Radiofrequency ablation (RFA), microwave ablation 
(MWA), and cryoablation are frequently used in the man- 
agement of renal tumors and all involve the placement of 
(ablation) needles into the tumor mass under imaging guid- 
ance. Accurate intraoperative monitoring and post-treatment 
evaluation of the ablation zone are of utmost importance for 
the effectiveness of the treatment (Fig. 10.7). Although 
these procedures can be performed with B-mode ultrasound 
guidance (or US + CT), challenges with renal tumor visual- 
ization and shadowing during treatment may limit B-mode 
US usage as a sole modality [86]. CEUS combines tradi- 
tional advantages of ultrasound guidance, such as portabil- 
ity, repeatability, multiplanar imaging, and absence of 
ionizing radiation, with real-time enhancement information 
without significant side effects. First of all, CEUS facilitates 
the guidance of ablation needles into lesions that are unsus- 
picious on B-mode ultrasound [87]. Furthermore, CEUS 
can be effectively utilized in thermal ablation procedures 
because of its ability to delineate real-time tumor perfusion 
dynamics [88]. CEUS-guidance and follow-up schemes 
have been used in MWA, RFA, and cryotherapy of small 
renal masses with positive clinical results [89-91]. It pro- 
vides real-time feedback on (tumor) perfusion analysis. 
Both intraprocedural and early postprocedural visualization 
of residual disease are enabled with CEUS, with residual 
defined as any nodular or crescent-like enhancement dis- 
playing kinetics and morphological characteristics reflect- 
ing those observed before treatment [90-92]. However, one 
must be aware that periablation hyperemia and gas bubbles 
or ice at the ablation site confound the assessment of intra- 
tumoral enhancement on early postablation CEUS [93, 94]. 
CEUS was found to better depict vascular structures com- 
pared with CT and MRI, such as small RFA-related fistulae 
but CEUS proved inferior to CT imaging with regard to 
image quality at the upper renal poles and at the periphery 
of treated areas, particularly at their superior and internal 
portions [92]. As CEUS is focused on absence of enhance- 
ment in the ablated lesion, other abnormalities in the kidney 
or the abdomen might be overlooked. There is a clear need 
for future research to determine which specific type of fol- 
low-up with imaging is needed in patients undergoing neph- 
ron-sparing ablative treatments. To decrease the patient 
burden (ionizing radiation), future studies should focus on 
the usage of cross-sectional studies and CEUS in alternating 
fashion. CEUS would be mainly used to show absence of 
enhancement in the successfully ablated tumor, while CT or 
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MRI can detect abnormalities in other abdominal structures, 
including the contralateral kidney. 


Other Disorders 


B-mode and color Doppler ultrasound are the first line inves- 
tigations of choice for imaging of the scrotum [95, 96]. 
However, findings on these investigations may be equivocal 
and misinterpretation can result in an unnecessary orchiec- 
tomy. In the last decade, CEUS has been introduced for the 
evaluation of scrotal pathology. CEUS is able to provide an 
accurate and definitive diagnosis in acute scrotal diseases 
when B-mode and Doppler ultrasound findings are doubtful, 
increasing the level of diagnostic confidence, especially for 
less-experienced investigators [96]. CEUS can distinguish 
vascularized from nonvascularized focal testicular lesions 
and is able to confirm the absence of vascularity in benign 
complex cysts and epidermoid cysts [97]. Furthermore, 
CEUS improves the characterization of segmental infarction 
by demonstrating one or more ischemic parenchymal lobules 
separated by normal testicular vessels and allowing for delin- 
eation between the nonenhancing tissue and the enhancing 
viable parenchyma, enabling organ-sparing treatment [98, 
99]. For the differentiation of intratesticular tumors, CEUS 
and quantification techniques remain a research tool as both 
qualitative and quantitative CEUS analyses showed overlap 
between different benign and malignant histological types 
[100-102]. As it stands, no single ultrasound techniques 
(B-mode, Doppler, CEUS, or elastography) are entirely 
diagnostic for intratesticular (malignant) lesions. Combining 
relevant features of these different techniques into multipara- 
metric ultrasound provide better and reliable characteriza- 
tion of benign and malignant lesions and can be potentially 
useful in deciding whether orchiectomy can be replaced with 
active surveillance or less invasive organ-sparing strategies 
[103]. With increasing experience, ultrasound evaluation of 
testicular pathology with CEUS may allow a tailored follow- 
up plan, or targeted ultrasound-guided excision biopsy when 
deemed appropriate, thus potentially reducing the number of 
unnecessary orchiectomies [100]. 

Diagnostic imaging for vesicoureteral reflux (VUR) in 
children is a common procedure in pediatric urology. The 
increasing awareness of the detrimental effects of radiation 
exposure, especially in children, has turned the diagnostic 
imaging interest from fluoroscopic voiding cystourethrogra- 
phy (VCUG) and radionuclide cystography (RNG) towards 
contrast-enhanced voiding urosonography (ceVUS) [104]. 
Ntoulia et al. recently demonstrated in a clinical trial that 
detection of VUR with ceVUS was comparable to VCUG 
without exposure to ionizing radiation [105]. Of importance, 
ceVUS was well-tolerated with a favorable safety profile. 
With Sonovue® recently licensed for this purpose, ceVUS 


Fig. 10.7 Monitoring the cryotherapy ablation of a small renal mass 
with CEUS. (a) CEUS demonstrating hypervascularity in a small renal 
mass (white arrows) compared with normal renal cortex before cryo- 
therapy. (b) CEUS at 2 weeks after cryotherapy demonstrating lack of 
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perfusion in the ablated renal mass (white arrows), consistent with suc- 
cessful cryoablation. The adjacent gray-scale images, however, are very 


similar (red arrow) 
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has been integrated into routine diagnostic practice and in 
many institutions it is used as a primary diagnostic choice, 
replacing the conventional modalities of reflux imaging 
[106]. As ceVUS imaging is continuous, while fluoroscopy 
is intermittent, better detection of intermittent reflux is also 
possible. The ability to safely detect clinically important 
reflux and the lack of ionizing radiation support the use of 
ceVUS for initial diagnostic and follow-up evaluation of 
VUR in boys and girls as well as screening of high-risk 
patients [4]. The main focus for the future should be advanc- 
ing the widespread use and the further standardization of this 
modality [107]. 

Similar to MR and CT imaging of the bladder, character- 
ization of mural lesions and bladder tumor staging of CEUS 
are limited by the difficulty in identifying both small (< 1 
cm) lesions and large flat, plaque-like (high-risk) tumors 
[108]. Although noninvasive diagnostic imaging of urinary 
bladder tumors may play a role in selected cases, cystoscopy 
and pathologic staging cannot be replaced by 
CEUS. Moreover, CEUS has been evaluated for character- 
ization of adrenal glands. Despite facilitating the visualiza- 
tion of vascularization in even small adrenal masses, there is 
currently no evidence that CEUS can readily differentiate 
benign from malignant adrenal gland tumors [4, 109]. 


Future Directions 


New techniques are becoming available with the potential to 
increase the role of CEUS in urological practice. Of these, 
4D CEUS imaging and multiparametric ultrasound were 
already briefly discussed. Recently, Van Sloun et al. demon- 
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Fig. 10.8 3D CEUS-tractography of a human prostate with histology. 
(a) 3D CEUS-tractography image, displaying the network of trajecto- 
ries obtained by estimating contrast flow velocity fields from the CEUS 
acquisition and then applying tractography. Colors depict the macro- 
scopic flow velocity. (b) 3D CEUS-tractography image with velocity 
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strated that techniques developed for diffusion tensor trac- 
tography magnetic resonance imaging can be applied in a 
comprehensible and effective manner to clinically acquired 
4D in-vivo CEUS data of the prostate [110]. Qualitative 
assessment of the spatial density of the 3D microbubble flow 
trajectories showed excellent agreement with PCa malignan- 
cies found by histopathology (Fig. 10.8). Wildeboer et al. 
demonstrated that combined evaluation of CEUS parameters 
in a multiparametric fashion had superior accuracy and nega- 
tive predictive value in PCa tumor localization compared to 
the individual parametric maps [111]. 

Besides 4D CEUS imaging and multiparametric ultra- 
sound, two important future directions are super-resolution 
ultrasound and nanodroplets. Super-resolution ultrasound 
exploits the fact that UCA microbubbles remain intravascu- 
lar due to their inert gas content and similar size as red blood 
cells. By pinpointing individual, isolated microbubbles with 
high precision across many frames, one can circumvent the 
diffraction limit and reconstruct an image at a 10-fold 
increase in resolution [112]. With the use of sparse recon- 
struction techniques and effective motion compensation, 
Van Sloun et al. demonstrated high-resolution imaging of 
the perfused vasculature of the prostate in a standard clinical 
setting [113]. The same group improved their approach 
using deep-learning methods, facilitating super-resolution 
beyond the diffraction limit with great robustness to imag- 
ing artifacts and noise [114]. In practice, such an imaging 
technique would open up new possibilities for precise vas- 
cular characterization and localization of tumor-driven 
angiogenesis. 

As mentioned earlier, CEUS with molecularly targeted 
UCAs can detect early-stage cancer through the visualiza- 
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quantification, displaying an elevated contrast velocity in the left mid- 
base side of the prostate. Colors encode the tract inflection count met- 
ric. (c) Histology reveals a malignant lesion (Gleason score 4+5=9), 
with a left mid-basal focus 
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tion of targets expressed on the angiogenic vasculature of 
tumors [10, 11]. Moreover, preclinical studies have dem- 
onstrated the quantification of the microbubble binding 
rate, possibly facilitating the clinical use of targeted UCAs 
[115, 116]. Furthermore, a new generation of targeted con- 
trast agents goes beyond merely increasing the imaging 
signal at the site of expression. Nanodroplets, nanoscale 
UCAs with phase-change droplets show activatable con- 
trast depending on ultrasonic stimulation and interaction 
with the tumor microenvironment [117]. When injected 
intravenously, these nanodroplets are in a liquid phase 
with a diameter below 1 um. Due to the small size, they 
pass through highly permeable (angiogenic) vessel walls 
and extravasate into the interstitial space, where they even- 
tually accumulate. By ultrasonic stimulation, their liquid 
phase can be changed into a gas phase, making them 
detectable by ultrasound imaging but potentially also 
intractable with extravascular tissues at the receptor level 
[118]. Wang et al. demonstrated that prostate-specific 
membrane antigen (PSMA) monoclonal antibody-loaded 
targeted nanoscale microbubbles had specific targeting and 
binding to PCa cells with clear contrast enhancement in 
their in-vitro and in-vivo animal setup [119]. You et al. 
recently developed porphyrin-grafted lipid microbubbles 
for photodynamic therapy of PCa. Beside the favorable 
CEUS imaging effects, low-frequency ultrasound expo- 
sure of these microbubbles achieved targeted drug delivery 
of photosensitizers at the tumor site for better effect of 
photodynamic therapy of PCa [120]. 

Future innovations will not only improve our ability to 
detect and characterize diseases on CEUS, but most defi- 
nitely also open the way for a more therapeutic avenue partly 
guided by CEUS. 


Conclusion 


Contrast-specific imaging of UCAs is increasingly used in 
urological practice. Evidence indicates that CEUS can pro- 
vide unique and accurate diagnostic information in many 
urological diseases, including PCa, kidney disorders, and 
acute scrotal pathology. Clinical applications of CEUS have 
expanded to, not only diagnosis, but also image guidance 
and postinterventional monitoring with assessment of sus- 
pected recurrence after focal therapy. As high-quality perfor- 
mance of CEUS requires regular use and understanding of 
all relevant physics. Standardized usage of UCAs is manda- 
tory to facilitate correct diagnoses and ultimately hopefully 
improve patient outcomes. Further comparative clinical tri- 
als may be required to validate the benefit of CEUS to com- 
plement or replace other imaging modalities for a variety of 
urological conditions. 
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Abbreviations 


2D-SWE  2D-shear wave elastography 


BPH Benign prostatic hypertrophy 
FOV Field of view 

kPa KiloPascals 

m/s Meters per second 

PCA Prostate cancer 

PSA Prostate-specific antigen 
ROI Region of interest 

SE Strain elastography 
Introduction 


Prostate cancer (PCA) has the highest incidence rate and is 
the second highest cause of cancer death in men in western 
countries. It is the second most frequent malignant tumor in 
males worldwide. Methods for PCA detection include PSA 
screening, digital rectal examination, transrectal ultrasound 
(TRUS), and multiparametric magnetic resonance imaging 
(mpMRI). All of these methods have limitations, and addi- 
tional techniques to detect and characterize prostate lesions 
are needed. The prostate gland normally is soft with a glan- 
dular appearance. Cancer cells induce a stromal reaction, and 
the invasion of cancer cells causes a loss of the normal glan- 
dular appearance. The tissue invaded by the cancer cells 
becomes stiffer than normal and benign lesions [1]. 
Elastography is a relatively new ultrasound technique which 
evaluates the mechanical properties of tissue. It measures the 
stiffness of tissues. A stress is applied to the tissue and the 
changes in the shape of the tissue are measured. The stress 
can either be displacement either by (1) manual compres- 
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sion/release with the transducer or patient motion (breathing 
and heartbeat) or (2) acoustic radiation force impulse 
(ARFI) — an ultrasound pulse tailored to create tissue small- 
scale movement and generation of shear waves. Elastography 
has been used to characterize lesions in the breast, thyroid, 
liver, lymph nodes, as well as other organs [2—5]. Both strain 
elastography (SE) and shear wave elastography (SWE) have 
been used to evaluate the prostate. Elastography measures 
stiffness and can be used to detect foci of prostate cancer 
(PCA). However, benign prostatic hypertrophy is also stiff, 
so elastography is mainly used to evaluate the peripheral 
zone [6, 7]. Guidelines and recommendations for performing 
both strain elastography and shear wave elastography have 
been published [6, 8]. 


Techniques 
Transrectal Strain Elastography 


Strain elastography (SE) assess the changes in tissue when 
an external force is applied. Softer tissues deform more than 
stiffer tissues. SE is a relative technique, and the exact abso- 
lute stiffness of the tissues being evaluated is not determined, 
only the relative stiffness to the other tissues in the field of 
view (FOV) (Fig. 11.1). The software then color-codes the 
relative stiffness of the tissues in the FOV (Fig. 11.2). 

No specific preparation is required for transrectal SE. It 
should be performed after (and not in place of) a complete 
high-quality transrectal ultrasound (TRUS). The same trans- 
ducer is used for both the conventional US and the 
SE. Software compares the frame-to-frame changes of the 
tissues when a force is applied and released. A water-filled 
balloon between the prostate and probe can be used to 
improve the uniformity of deformation. Applying nonuni- 
form pressure to the gland will lead to erroneous results. The 
patient lies in the left lateral position with knees and hips in 
flexion as a standard US. A condom is placed on the trans- 
ducer using a moderate amount of coupling gel. Air is dis- 
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Fig. 11.1 A simplistic model of the principle of strain elastography is 
to consider an almond in gelatin (a). If we apply a stress such as com- 
pressing the gelatin with a spoon (b), the gelatin changes shape because 
it is soft (more strain), while the almond does not change shape because 


Fig. 11.2 The color-coding of the pixels in the elastogram is based on 
the changes that occur with the compression/release cycle. In the dia- 
grams the boxes on the left depict different tissues within the field of 
view. When the compression is applied, the boxes change shape based 
on their stiffness (center column). The box that changes shape the most 
is color-coded white, while the box that changes the least is color-coded 
black. The boxes that change between these two extremes are color- 
coded shades of gray based on the amount of change they experience 
(A). If the FOV is different and the stiffest tissue in (A) is not included, 
the color mapping changes with the second box now the stiffest and 
therefore being color-coded black. The dynamic range of the color- 
coding is changed, and the first and fourth tissues are now color-coded 
with darker shades of gray 


it is stiff (less strain). The ultrasound strain system compares the frame- 
to-frame changes of tissue when the tissue is compressed/released. 
Tissues that deform the most are considered soft, while those that 
deform the least are considered stiff 


placed between the condom and the transducer. The 
transducer is inserted into the rectum. The conventional US 
is performed including evaluation of the entire gland from 
apex to base, prostate capsule, seminal vesicles, and peri- 
prostatic tissues and the prostate volume measured. Abnormal 
echo patterns especially hypo-echoic lesions, symmetry, dis- 
continuity of the prostate capsule, and calcifications are doc- 
umented. Color of power Doppler can then be performed. 

After completion of the conventional US, SE is per- 
formed. In most systems both a B-mode image and a strain 
elastogram will be displayed (Fig. 11.3). Several color maps 
including gray scale can be used. The frequency and 
displacement of the transducer to apply stress should be con- 
stant and a short cine clip obtained. Most systems have an 
index bar or number which aids in applying the appropriate 
frequency and displacement of stress. For most systems the 
degree of compression and release is approximately 2%. 
Applying too much displacement will lead to abnormal 
results, while not applying enough displacement will lead to 
no elastogram. There is a learning curve to optimizing the 
displacement for good elastograms. Applying preload (pre- 
compression or applying a pressure with transducer before 
starting the elastogram) will cause increased stiffness values 
and erroneous or non-reproducible results. The focal zone 
should be placed in the far field of the region of interest. The 
field of view (FOV) size should include the prostate capsule 
and some periprostatic tissues but exclude the bladder. For 
improved accuracy the area of concern should be located in 
the center of the FOV. Dynamic gain may be adjusted to opti- 
mize uniformity of image quality relative to depth. 
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Fig. 11.3 Most SE systems provide both real-time B-mode image and 
SE image. The SE images are color-coded. The color scale varies 
between vendors with some with red as stiff and other with blue as stiff. 
It is important to always look at the color-code. In this case the bar in on 
the left of the image with red as soft and blue as stiff. Most systems 
have a bar or scale that allow the operator to determine the optimal 
amount of displacement. On this case the scale is at the bottom right of 
the image 


Shear Wave Elastography 


Shear wave elastography (SWE) is more advanced and com- 
putationally intensive than SE, and does not require the com- 
pression/release stress (displacement) as SE. There are two 
types of SWE, point SWE (p-SWE) and 2D-SWE. p-SWE 
should not be used, as it only provides a stiffness value in a 
small ROI, whereas 2D-SWE provides a color-coded stiff- 
ness map of a large FOV which then allows placement of a 
ROI in the area of interest. The stress in SWE is provided by 
an acoustic radiation force impulse (ARFI) pulse from the 
transducer. This pulse is designed to create tissue movement 
and the generation of shear waves which occur perpendicular 
to the ARFI pulse. B-mode tracking pulses are used to moni- 
tor the shear wave and calculate the shear wave speed 
(Fig. 11.4). Therefore, a high-quality B-mode image is 
required to obtain accurate SWE stiffness values. The shear 
wave speed is related to the tissue stiffness moving slower in 
softer tissues and faster in stiffer tissues. Thus, an estimate of 
the stiffness of tissues can be made. The stiffness value can 
be either reported as the shear wave speed in meters per sec- 
ond (m/s) or converted to absolute units as Young’s modulus 
in kiloPascals (kPa). 

After the conventional US 2D-SWE is performed, the 
transducer should be held steady with minimal preload (pre- 
compression). The patient preparation and position are the 
same as SE. The gland should be imaged in the transverse 
plane. The SWE FOV box is set to cover as much of the 
gland as possible. With some systems require imaging of the 
right lobe and the left lobe separately. The gland is scanned 
from the base to the apex with cine loops stored. At each 
incremental location, the transducer must be held steady in 
one location. For SWE the transducer must remain stable 
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Fig. 11.4 A simplified model of shear wave imaging using our almond 
in gelatin example is presented in this figure. The ARFI (push) pulse 
(wide red arrow) is applied generating shear waves (green waves). The 
shear waves travel through the tissues and change speed depending on 
the stiffness of the tissue. Conventional B-mode pulses are used to iden- 
tify the shear waves and calculate their speed 


Fig. 11.5 SWE image from a 59-year-old with elevated PSA but nega- 
tive systematic biopsy. The SWE image is the upper image. The color 
scale is in the upper right of the image. The maximum of the scale is 
90 kPa. The large wedge-shaped FOV is placed over the right prostate 
gland. Within the FOV a circle ROI is placed. The stiffness values are 
listed on the right. The mean value of the ROI is used for the measure- 
ment. In this case 17 kPa is normal. The lower image is the B-mode 
image which is presented in real time with the SWE image 


without movement for several seconds to obtain an accurate 
image. ROIs are placed in areas of concern and the stiffness 
value is obtained. Most systems calculate the mean, standard 
deviation, minimum, and maximum stiffness values in the 
ROI (Fig. 11.5). As in SE, if the lesion of concern is at the 
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edge of the image, rotating the probe to have the lesion in a 
central location may be helpful. 


Performance 


Strain Elastography 


Interpretation SE should be interpreted in conjunction 
with the B-mode findings [6]. Three methods have been 
proposed to interpret SE of the prostate. The Prostate 
Imaging-Reporting and Data System (PI-RADS) lexicon 
and framework should be used for terminology and lesion 
location; however, it is important to note that this does not 
carry the same meaning or accuracy as the PI-RADS MRI 
score. 

A five-point subjective scale based on the degree and dis- 
tribution of strain in relationship to hypo-echoic areas on 
B-mode has been developed (Fig. 11.6). The scoring system 
assumes that softer tissues are coded red while stiffer tissues 
are displayed in blue: 


— Score 1: Normal appearance (homogeneous strain; the 
entire gland is evenly shaded in green) 

— Score 2: Probably normal (symmetric heterogeneous 
strain; the gland is a symmetric mosaic pattern of green 
and blue) 

— Score 3: Indeterminate (focal asymmetric lesion without 
strain not related to a hypo-echoic lesion, the focal asym- 
metric lesion in blue) 

— Score 4: Probably carcinoma (strain at the periphery of 
the hypo-echoic lesion with sparing of the center of the 
lesion, the peripheral part of lesion in green and the cen- 
tral part in blue (stiff) 

— Score 5: Definitely carcinoma (no strain in the entire 
hypo-echoic lesion or in the surrounding area, the entire 
lesion in blue (stiff)) 


A cutoff value of 3 has a reported sensitivity of 68% and 
a specificity of 81%, and an accuracy of 76% [9]. 

Another five-point scoring system (Fig. 11.7) has been 
proposed without including the central gland findings. This 
system uses a color scale with red as soft and blue as stiff: 


— Score 1: No blue area or starlike blue in the peripheral 
gland 

— Score 2: Mosaic or a small symmetric blue area bilater- 
ally in the outer gland (the blue area is <5 mm in 
diameter) 

— Score 3: A small symmetric blue area in the outer gland 
(diameter of blue area => 5 mm) 
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— Score 4: Asymmetric blue area in the outer gland (diam- 
eter of blue area => 5 mm) 

— Score 5: Asymmetric blue area in the outer gland (blue 
area > 50%, blue area => 50% of single outer gland area) 


With a cutoff value of 3, the sensitivity was reported as 
69%, specificity 69%, and accuracy 69% [10]. 

A third method is using the strain ratio. This is a semi- 
quantitative measurement comparing the strain value of the 
target lesion to the normal background tissue (Fig. 11.8). In 
this method a ROI is placed on the lesion and an ROI placed 
on normal tissue, and the system calculates the strain ratio. A 
cutoff value of 17.4 yielded a sensitivity of 75% and specific- 
ity of 83% and an AUC of 0.90 [11, 12]. It should be noted 
that different vendors calculate this ratio differently and the 
cutoff value is dependent on the vendor. 


Literature Review Strain elastography has been used in 
studies to (1) evaluate the prostate for abnormal areas of 
stiffness; (2) characterize abnormal regions identified on 
B-mode, color or power Doppler, and mpMRI; (3) target 
biopsies; and (4) stage PCAs. 

Ferrari et al. [13] reported improve PCA detection of SE 
over B-mode imaging with an increase in sensitivity of 
48-66%, specificity of 81-78%, and accuracy of 64-72%. 
Kamoi et al. [9] using biopsy as the reference found a sensi- 
tivity of 68%, a specificity of 81%, and an accuracy of 76% 
on per lesion analysis. For the per patient analysis, the results 
were a sensitivity of 51%, specificity of 75%, and PPV of 
64%. A meta-analysis using surgical pathology as the refer- 
ence found a pooled sensitivity of 72% (95% 0.70-0.74) and 
a specificity of 0.76% (95% CI 0.74-0.78) [14]. 

Stiff lesions with a diameter of >5 mm on SE are consid- 
ered malignant [15-17]. The detection rate of PCA using SE 
is higher with higher Gleason score [6]. This is felt to be due 
to the increased cell density in higher-grade lesions, perhaps 
also the rationale for a higher DWI/ADC on MRI. The posi- 
tive detection rates of PCA in Gleason 6, 7, and 8—9 have 
been reported as 60%, 69.2%, and 100% [18]. However, Xu 
et al. [10] found when using their scoring system there was 
no significant difference between the mean scores for 
Gleason <7 and Gleason => 7. 


Guiding Prostate Biopsies In a prospective study in 
patients undergoing TRUS biopsy, the cancer detection rate 
was higher in those undergoing SE-guided biopsies than 
B-mode-guided biopsy at 51.1% versus 39.4% (p = 0.027). 
The overall PCA detection rate was 37.4% in all patients, 
with 84.1% of those cancers detected by SE-guided biopsy 
and 64.2% by B-mode-guided biopsy [19]. Another study 
had a per patient detection rate of 30% for SE-guided biopsy 
with the 10-core B-mode-guided biopsy having a detection 
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Fi Five-point color-coded scoring system proposed by Kamoi 
et al. (2008) for interpreting prostate strain elastography, where red is 
soft and blue is stiff, as follows: (a) Score 1: normal appearance (homo- 
geneous strain, the entire gland evenly shaded in green/red). (b) Score 
2: probably normal (symmetric heterogeneous strain; the gland has a 
symmetrical mosaic pattern of green and blue). (c) Indeterminate (focal 
asymmetric lesion without strain not related to hypo-echoic lesion; 


arrows point to the focal asymmetric lesion in blue). (d) Probably car- 
cinoma (strain at the periphery of the hypo-echoic lesion with sparing 
of the center of the lesion; the peripheral part of the lesion is green and 
the central part blue; arrows point to the lesion). (e) Definitely carci- 
noma (no strain in the entire hypo-echoic lesion or in the surrounding 
area; the entire lesion is blue; arrows point to the lesion). (From Barr 
et al. [6] with permission Elsevier) 
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Fig. 11.6 (continued) 


rate of 25% [16, 17]. Wang et al. found an increase of 13.9% 
in per patient detection rate using SE-guided biopsies over 
B-mode-guided biopsy [20]. Aigner et al. had positive cores 
in 24% of SE-guided biopsies compared to 5.1% in B-mode 
biopsy cores [21]. Brock et al. showed an overall sensitivity 
and specificity of 60.8% and 68.4% for SE vs 15% and 
92.3% for B-mode-guided biopsies [19]. 

It is recommended that SE should be used in combination 
with TRUS to further increase the detection rate because of 
the high frequency of false-positive results for SE [19, 22]. 
The most common reason for false-positive SE results is 
inflammatory foci in areas of atrophic prostate tissue [21, 23]. 


When preoperative SE images were compared to whole- 
mount sections after radical prostatectomy, a sensitivity of 
49-87% and a specificity of 60-92% were reported for cor- 
rect PCA localization with an overall PPV of 67-88% and an 
NPV of 44-95% [16, 17, 24-28]. 


Local Staging The results for ECE for SE vary in the litera- 
ture but are all inadequate to rule out ECE. Brock et al. [29] 
reported a sensitivity and specificity of 38% and 96%, 
respectively, while Pelzer et al. [30] found a sensitivity of 
79% and a specificity of 89%, and Zhu et al. [31] a sensitivity 
of 51.6% and a specificity of 79.3%. 
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Fig. 11.7 Color-coded scoring system proposed by Xu et al. (2014). eter of the blue area is => 5 mm. (d) Asymmetric blue area in the bilat- 


This scale is based on blue as stiff and red as soft using transrectal SE eral peripheral glands; the diameter of the blue area is => 5 mm. (e) 
(a) Score 1: There is no blue area or starlike blue in the peripheral Asymmetric blue area in 50%, the blue area >50% of a single peripheral 


gland. (b) The mosaic or a small symmetric blue area is less than 5mm. gland. (From Barr et al. [6] with permission Elsevier) 
(c) A small symmetric blue area in bilateral peripheral gland; the diam- 
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Fig. 11.7 (continued) 


Comparison to mpMRI MRI and SE are subject to opera- 
tor subjective interpretation and technical factor influences, 
which complicated direct comparison on a level playing 
field. There are a few studies that compared the diagnostic 
accuracy of SE to mpMRI with varying results. Aigner et al. 
[21] had a sensitivity and negative predictive value of 84.6% 
and 86.7% for SE with a comparison to T2-weighted images 
of 84.6% and 83.3%. Using whole-mount pathology sections 
as the reference standard, Sumura et al. [18] found that SE 
detection rate of 74.1% was superior to MRI’s detection rate 
of 47.4% with nearly equal detection rates for SE alone on 
both the anterior (75%) and the posterior segments (73.7%) 
of the prostate; however, only 17 patients were included and 


the MRI was from before 2007. Junker et al. [32, 33] on the 
other hand found SE detected 78% of PZ cancers and 18.2% 
of TZ cancers while mpMRI detected 90% and 72.2%, 
respectively. 


Shear Wave Elastography 


Interpretation All SWE systems code soft tissues as blue 
and stiff tissues as red. In patients without prostate disorders, 
the peripheral and central zones are homogeneously coded in 
blue (soft) with stiffness values of 15—25 kPa, with the tran- 
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Fi One method of interpreting SE (and SWE) images is to com- 
pare the stiffness of a lesion to that of normal prostate tissue. Two ROIs 
are placed one in normal tissue (green area) and the second in the lesion 
(blue area). In this case the strain ratio is 44 suggestive of a malignancy. 
This method allows for a semiquantitative method for SE interpretation. 
Each vendor has a different method of calculating the strain so that 
cutoff values can be different for each vendor. (From Barr et al. [6] with 
permission Elsevier) 


The normal prostate gland has relatively uniform soft tissue. 
In this patient without BPH, the gland has a stiffness value of 19 kPa in 
both the peripheral and transitional zones 


sitional zone having stiffness values of <30 kPa (Fig. ). 
In benign prostatic hypertrophy, the transitional zone stiff- 
ness increases with values ranging from 30 to 180 kPa, while 
the peripheral zone remains soft [6] (Fig. J; 

Lesions are characterized by using the mean stiffness of the 
lesion (Figs. and ). The ROI should be placed so 
that only the lesion is included. The strain ratio as in SE can 
also be calculated comparing the lesion to normal adjacent tis- 
sue. Note that the stiffness values can be displaced as m/s or 
kPa and the ratios will be different for each of these [6]. 

The stiffness value can be measured in m/s or kPa. The 
PI-RADS lexicon terminology and lesion location should 
be utilized. In general lesions in the transitional and central 
gland are difficult to characterize as benign etiologies also 
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BPH is often very stiff with stiffness values similar to 
PCA. In this patient without PCA, the peripheral zone (blue area) is 
soft, but the transitional zone is very stiff with values of approximately 
70 kPa. This limits the use of elastography in lesion detection in the 
transitional zone 


increase stiffness. However, in the peripheral gland, this is 
not the case and most studies only evaluate the peripheral 
gland. In the peripheral gland, a cutoff value of greater 
than 35 kPa (3.4 m/s) is suggestive of a malignancy. SWE 
should not be interpreted without considering the B-mode 
findings [6]. 


Literature Review SWE has been used to (1) characterize 
an abnormality detected by B-mode US, color or power 
Doppler, or mpMRI, (2) detect lesions not seen on other 
imaging techniques, (3) target biopsy, and (4) stage PCA. As 
SWE is a newer technology than SE, there is less literature 
available. 

Barr et al. [7] using SWE found that the stiffness of benign 
lesions was all statistically nonsignificant: benign versus 
atypia (p = 0.818), benign versus acute inflammation 
(p =0.606), benign versus chronic inflammation (p = 0.0509), 
and acute inflammation versus chronic inflammation 
(p = 0.096). Although Woo et al. [34] reported a significant 
difference between normal prostate tissue and chronic 
inflammation (p = 0.021), there was a significant difference 
between PCA and the benign lesions [7]. With a cutoff value 
of 35 kPa, the sensitivity, specificity, PPV, and NPV were 
97%, 70%, 70%, and 97%, respectively [7, 35]. Aggressive 
PCAs had significantly higher stiffness values than indolent 
PCAs (p < 0.01) [34-36]. Other authors have reported higher 
cutoff values Ahmad et al. [36] 70 kPa, Boehm et al. [37, 38] 
43 kPa, and Woo et al. [34] 50 kPa. These studies considered 
Gleason score 6 as noncancerous in the statistical analysis 
and had higher values of normal tissue suggesting the addi- 
tion of pre-compression when performing the examinations. 

A recent meta-analysis of 1028 patients found a pooled 
sensitivity of 0.83% (95% CI 0.66—-0.92) with a specificity of 
0.85 (95% CI 0.78-0.90) for the detection of PCA [39]. 
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(a) SWE of a 79-year-old with elevated PSA. The SWE 
image is the upper image and the standard B-mode image is on the bot- 
tom. The ROI is in a stiff lesion (87 kPa) in the mid left peripheral zone. 
On biopsy the lesion was a Gleason 7 lesion. (b) A 63-year-old patient 
with elevated PSA has a stiff lesion in the right peripheral zone with a 
stiffness value of 58 kPa. On biopsy the lesion was a Gleason 6 PCA. 
(c) Comparison of ultrasound and SWE. This patient presented with a 
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57.9kPa 
43.5kPa 


63.0kPa 
SD 4.1kPa 
Diam 5.0mm 


hypo-echoic nodule on ultrasound (black lesion with arrow). Shear 
wave elastography was preformed, and the nodule was found to be of 
low stiffness (G20 kPa). Note the blue area with a yellow arrow. 
However, another lesion was found with a high stiffness (75 kPa) and 
was found on biopsy to be PC with Gleason grade 7. Note the red lesion 
with a red arrow. (From Barr et al. [7], with permission Wolters Kluwer) 


Fi It is sometimes helpful to compare the stiffness values on 
each side of the prostate. In this case the right peripheral zone (a) has 
normal stiffness values of 15 kPa, while the comparative SWE image on 


Guiding Prostate Biopsies All studies using SWE report 
an increased diagnostic rate over systematic biopsies. In one 
study [37, 38], patients with a suspicious SWE finding were 
at a 6.4-fold higher risk of having a clinically significant 
PCA, and SWE-targeted biopsies increased the per patient 
diagnostic rate by 4%. 

Studies have shown that the stiffness values of peripheral 
zone lesions correlate with the Gleason score [35, 40]. 


the left (b) has a stiffness value of 139 kPa over a large area of the 
peripheral zone which was a Gleason 9 lesion on biopsy 


Local Staging No studies are available evaluating SWE for 
local staging. 


Comparison to Other Imaging Modalities No studies 
with high-level evidence have compared the accuracy of 
SWE and mpMRI (Fig. ). No studies have compared 
the accuracy of SWE and SE. 
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Fig. 11.13 There are very few studies comparing SWE with mpMRI. 
This 63-year-old patient with elevated PSA underwent both SWE and 
mpMRI. On the SWE (a) the patient has a stiff lesion with a stiffness 
value of 70 kPa in the left mid peripheral zone. On the diffusion- 
weighted MRI image (b), the same area has restricted diffusion (white 
area). On biopsy the lesion was a Gleason 7 lesion 
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Table 11.1 is a summary table of the results from studies 
of SE and SWE on the prostate [7, 10, 12, 13, 17, 20, 29, 
32-35, 40]. 


Limitations 


It is important for both SE and SWE that added pressure with 
the transducer be avoided. Pressure applied to the prostate 
by the transducer will elevate the stiffness values of both the 
normal tissues and cancers [41]. When an area of concern is 
identified, the operator should release any pressure from the 
transducer on the prostate, maintaining contact with a very 
light touch. In the presence of macrocalcifications, the stiff- 
ness values will be increased (Fig. 11.14). The ARFI pulses 
used to generate shear waves are attenuated by the prostate 
gland, and shear waves can only be generated in 3—4 cm, lim- 
iting the utility of this technique in large glands, or potentially 
influencing performance in deeper tissue. Also, not all cancers 
are stiff and not all stiff lesions are cancers. Therefore, the use 
of B-mode in conjunction with elastography is mandatory. 


Future Perspective 


The addition of elastography to B-mode imaging increases 
the detection rate of prostate cancer. Because BPH can be 
stiff, the accuracy of elastography in the transitional gland is 
limited. The peripheral gland does not have this problem. 
Existing SE and SWE systems are very operator dependent, 
and improvement in the systems to make them less operator 
dependent is required for widespread application and adop- 
tion of these techniques. There is a lack of studies comparing 
mpMRI and either SE or SWE. It is unclear if these tech- 
niques are complimentary. It is possible that the use of an 
ultrasound MRI fusion system with elastography capabilities 


Table 11.1 Results from selected strain elastography (SE) and shear wave elastography (SWE) on the prostate 


PCA Per patient (%) Cores Per lesion (%) 
Study Year Technique N lesions |Sen |Spec |PPY |NPV |Acc |(no:) |Sen |Spec ||PPV |NPV | Acc 
Konig et al. [12] 2005 SE 404 151 84 906 Sil | oy 49 68 61 
Pallwein et al. [13] 2008 SE 492 125 Se) | 72 62 91 Vi (2a |e [sy 51 95 87 
Kamoi et al. [10] 2008 SE 107 40 68 «81 68 81 76 940 Ip | ay 88 59 76 
Miyagawa et al. [20] 2009 SE aiil | 85) 73 IDO |S) | 38 22 81 58 
Brock et al. [17] 2012 SE S | Ol 51 1068 61 68 32 89 68 
Zhu et al. [29] 2014 SE 56 67 e2 83 
Barr et al. [7] 2012 SWE a8) | Ae) 100 318 96 96 69 99 96 
Ahmad et al. [34] 2013 SWE a) | 38) 626 | ee) 95 83 91 
Woo et al. [32] 2015 SWE Oy |25 43 81 13 95 70 
Correas et al. [33] 2015 SWE 184 68 a | 68) 59 94 74 1058 96 85 48 99 85 
Boehm et al. [35] 2015 SWE OB) | 3h) G5) | Gi 49 90 58 
Zhang et al. [40] 2015 SWE 489 221 74 76 


Sen sensitivity, Spe specificity, PPV positive predictive value, NPV negative predictive value, Acc accuracy 
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Fig. 11.14 Macrocalcifications can give false-positive findings. In this 
case the calcifications clearly identified on the B-mode image (bottom) 
in the midline at the junction of the peripheral and transitional zones 
lead to an elevated stiffness of 75 kPa suggestive of a malignancy 


might enable biopsy of both the mpMRI- and elastography- 
suspicious lesions, which in turn may improve diagnostic 
accuracy. The development of 3D prostate elastography with 
multiplanar reconstruction may also improve fusion with 
mpMRI to guide biopsies. 

No studies have evaluated elastography for monitoring 
patients on active surveillance. For SWE it appears that the 
stiffness value correlates with the Gleason score. A study is 
needed to determine if monitoring the stiffness value of 
active surveillance patient will be able to predict when the 
PCA grade is increasing. 

Given the significant increase in prostate cancer detection 
rates (with the addition of either SE or SWE to other TRUS 
biopsies), consideration of routine use of elastography when 
performing TRUS biopsies should be considered. 
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Prostate Cancer—Active Surveillance, 
Whole-Gland Therapy 


Prostate cancer is the most frequently diagnosed male can- 
cer, accounting for approximately 20% of all newly diag- 
nosed cancer cases in the United States each year [1]. It is 
commonly cited that men tend to die “with” prostate can- 
cer rather than “from” prostate cancer, with only 1 in 41 
men dying of prostate cancer. Although this number 
appears small, prostate cancer accounts for 10% of all 
male cancer deaths each year and is the second leading 
cause of cancer death after lung cancer [1]. Current thera- 
peutic approaches to diagnosed prostate cancer vary 
widely and are tailored to the pathological grade and stage 
of tumor detected in patients. Patients with pathologically 
low-grade carcinoma (typically Gleason 6, T1c) with con- 
comitant low serum Prostate Specific Antigen (PSA) (<10) 
may opt for active surveillance (AS), wherein patients are 
carefully monitored for disease progression by periodic 
biopsy and PSA measurements, with the intention to treat 
upon detection of progression [2—4]. Patients with more 
advanced localized prostate cancer (Gleason >7, PSA 
10-20) may require whole-gland therapy by radical pros- 
tatectomy, external beam radiotherapy, or brachytherapy 
[5, 6]. Both AS and whole-gland therapy have shortcom- 
ings, with AS potentially resulting in undertreatment and 
subsequent extraprostatic extension of previously local- 
ized cancers [7] as well as progression of pathological 
grade [8]. Additionally, AS may exact a psychological toll 
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on patients because of depression, anxiety, and uncertainty 
associated with an active cancer diagnosis [9]. The pri- 
mary drawback of whole-gland therapy is damage to ana- 
tomical structures within and contiguous to the prostate, 
such as the bladder neck, rhabdosphincter, neurovascular 
bundles, and rectum [10]. Damage to these structures may 
result in incontinence, erectile dysfunction, and rectal pain 
or bleeding. 


Focal Therapy—Rationale and Concepts 


Recently, technological advances in prostate cancer imaging, 
localization, and targeting have made it possible for a new 
modality of treatment to emerge known as focal therapy. 
Focal therapy is defined as the targeted destruction of local- 
ized prostate cancer while sparing surrounding prostatic 
parenchyma and other contiguous anatomical structures. 
Focal therapy is able to selectively destroy a limited area of 
prostatic tissue containing carcinoma while sparing the 
remainder of the gland. The rationale for focal therapy is 
based upon the concept that there exists an intermediate 
treatment between AS and whole-gland therapy, often 
referred to as a “middle-way” between the two extremes of 
care. The ideal focal therapy would be able to ablate local- 
ized lesions of low or intermediate risk within the prostate 
before they progressed in stage or grade, avoiding AS and 
possible undertreatment, while simultaneously avoiding uri- 
nary incontinence and impotence associated with whole- 
gland therapy. The foundation of effective focal therapy is 
based upon three conceptual pillars: 


1. Appropriate patient selection 
2. Treatment of the index/clinically significant lesion(s) 
3. Accurate lesion visualization, localization, and follow-up 
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Appropriate Patient Selection 


Proper patient selection is arguably critical for successful 
focal therapy; however, firm guidelines have not yet been 
established, with each individual study and institution utiliz- 
ing heterogeneous selection criteria [11]. Recently, an 
International Delphi Consensus Project consisting of 37 
expert urologists and radiologists attempted to come to an 
agreement on the optimal patient selection criteria for focal 
therapy [12]. The criteria that the panel came to consensus 
on were that focal therapy may be recommended in patients 
with intermediate risk cancer, Gleason 3 + 4 or 4 + 3 with 
cancer foci less than 10-15 mL volumetrically on multipara- 
metric magnetic resonance imaging (mpMRI). No specific 
PSA cut-off value was agreed upon for treatment eligibility, 
and 54% of participants were of the opinion that PSA should 
not be used in considering eligibility for treatment. Patients 
who are candidates for active surveillance with low Gleason 
grade tumors (3 + 3) were deemed not to be eligible for focal 
therapy by a majority of participants. Additionally, the panel 
concluded that treatment success may be defined as residual 
Gleason grade 3 + 3 tumor in the treatment area obtained by 
random biopsy in combination with a negative 
mpMRI. Gleason grade 3 + 4 or 4 + 3 tumor found on subse- 
quent biopsies is considered to be criteria for treatment fail- 
ure. Additional research and consensus are required to 
determine the optimal patient to be treated with focal therapy 
and the definition of the ideal patient will likely evolve over 
time as more evidence becomes available. 


Treatment of the Index Lesion 


One of the biggest points of criticism surrounding focal ther- 
apy is that prostate cancer is a multifocal disease and focal 
therapy targeting a single area is not an effective treatment 
because untreated areas of the gland (and potential foci of 
cancer) are left intact after treatment [13]. The statement that 
prostate cancer is typically multifocal is accurate, with path- 
ological studies demonstrating that multifocal disease is 
present in the majority of cases, although approximately 
15% of cases are truly unifocal [14]. Despite the multifocal- 
ity of prostate cancer there exists compelling evidence to 
demonstrate that the primary driver of tumor progression and 
metastasis is the largest and highest grade lesion, referred to 
as the index lesion, while other satellite lesions tend to 
remain indolent [15]. A study examining radical prostatec- 
tomy specimens found that 99.4% of satellite lesions were 
Gleason Grade 6 or lower and 87% were volumetrically 
smaller than 0.5 mL. It has been suggested by several studies 
that these typically low-grade lesions (Gleason Grade 6) are 
almost entirely incapable of metastasis to lymph nodes [16, 
17]. Cytogenetic analysis has also found that the genomic 
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profile indicates that metastases typically originate from a 
single clone [18], and furthermore, in lesions that are meta- 
static, the same TMPRSS2-ERG fusion gene was seen in 
both the index lesion and the lymph node metastases [19]. 
The sum total of evidence suggests that focal therapy of the 
index lesion and sparing of other small low-grade lesions 
may lead to adequate cancer control. 


Accurate Lesion Localization and Treatment 
Delivery 


Accurate localization of the index lesion within the prostate 
and subsequent precise therapy delivery is fundamental to 
successful focal therapy. Transrectal Ultrasound (TRUS) 
biopsy has been shown to be inaccurate in classifying grade 
or laterality in 30-50% of cases and has been recommended 
against as a screening tool for focal therapy [20]. A study by 
Ahmed et al. utilizing computer simulation to assess biopsy 
adequacy in reconstructed whole-mount prostatectomy mod- 
els found that transperineal mapping missed only 5% of 
lesions > 0.2 or 0.5 mL. In order to successfully locate the 
index lesion, a combination of mpMRI as well as targeted 
biopsy should be used. It is estimated that mpMRI is able to 
localize the index lesion in 80-95% of cases, with increasing 
accuracy as Gleason grade and lesion size increase [21]. A 
public workshop held in conjunction with the Food and Drug 
Administration, American Urological Association, and the 
Society of Urologic Oncology came to the conclusion that 
mpMRI should be used to identify index lesions for treat- 
ment as well as some form of targeted biopsy combined with 
random transrectal systematic biopsy or a transperineal map- 
ping biopsy [22]. 


Cost-Effectiveness of Focal Therapy 
Compared to Active Surveillance 
and Robotic-Assisted Laparoscopic 
Prostatectomy 


Focal therapy may represent a significant saving in healthcare 
costs when compared to robotic-assisted laparoscopic prosta- 
tectomy (RALP). A study by Laviana et al. sought to estimate 
the short- and long-term costs of treating localized low-risk 
prostate cancer using time-driven activity-based costing [23]. 
The authors found that while accounting for all steps for each 
specific treatment over 5 years (including patient visits, 
biopsy, treatment, and follow-up visits/PSA), the estimated 
cost of active surveillance was found to be $7298, cryother- 
apy was found to be $11,215, and robotic prostatectomy was 
found to be $16,946. Similarly, a recent economic analysis of 
the ProtecT trial found the costs of active surveillance, radical 
prostatectomy, and radiotherapy with 6 years follow-up to be 
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Table 12.1 Cost analysis of various treatments for localized prostate 
cancer 


Procedure Cost (US$) 
Active surveillance for 5 years [23] 7298 

Active surveillance for 6 years [24] 12,143 
Robotic-assisted prostatectomy w/5-year 16,946 
follow-up [23] 

Radical prostatectomy w/6-year follow-up [24] 17,781 

US robotic prostatectomy survey cost [25] 34,720 + 20,335 
Radiotherapy w/6-year follow-up [24] 29,238 
Cryotherapy w/5-year follow-up [23] IHL aT) 
High-intensity focused ultrasound [27] 15,000 

Focal laser ablation [28] 15,000—30,000 


$12,143, $17,781, and $29,238, respectively [24]. A chart 
detailing the costs of various treatments can be seen in 
Table 12.1. Although the time-driven activity-based costing 
estimated the cost of a robotic prostatectomy to be $16,946, 
the amount actually charged by hospitals may vary dramati- 
cally. A survey-based study of US hospitals performed by 
Pate et al. found the average facility price charged by hospi- 
tals for a radical prostatectomy to be $34,720 + 20,335, rang- 
ing from $10,100 to $135,000 [25]. Comparatively, the price 
of focal therapies, although still high, may be substantially 
lower than that charged for radical prostatectomy. Due to the 
novelty of these therapies and limited published data, it is dif- 
ficult to obtain official cost estimates for focal therapies. The 
best available data has estimated cryotherapy to cost approxi- 
mately $11,000, high-intensity focused ultrasound to cost 
$15,000-$25,000, and focal laser ablation to cost $15,000- 
$30,000. Other novel focal therapies, such as photodynamic 
therapy, yet to have cost estimates associated with them. 
Based on the average cost of a robotic prostatectomy charged 
by facilities, focal therapies may be from $5000 to $24,000 
less expensive than robotic prostatectomy. Additionally, this 
discrepancy in procedural cost may not represent the full 
extent of savings by performing focal therapy instead of 
robotic prostatectomy. Patients undergoing robotic prostatec- 
tomy may require further downstream management of associ- 
ated urologic side effects such as incontinence and erectile 
dysfunction which could increase healthcare costs. Patients 
undergoing focal therapy typically experience far fewer of 
these side effects and may be spared these additional costs. A 
comprehensive meta-analysis and economic analysis of focal 
therapy performed by the National Health Services (NHS) 
found that following external beam radiotherapy, High- 
Intensity Focused Ultrasound (HIFU) is most likely to be cost 
effective when accounting for cost per an additional quality- 
adjusted life year (QALY) [26]. Cryotherapy, brachytherapy, 
and radical prostatectomy were unlikely to be cost effective 
per an additional QALY. However, the aforementioned study 
came to the conclusion that due to significant uncertainties in 
the parameters used in the economic analysis, the results were 
insufficient to recommend changes in practice. 
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Functional Outcomes Following Focal 
Therapy 


One of the key advantages of focal therapy is its ability to 
treat an area containing primarily cancerous tissue while 
sparing healthy surrounding tissue. By limiting the field of 
treatment, focal therapy is able to avoid or minimize many of 
the deleterious side effects of whole-gland therapy such as 
erectile dysfunction and incontinence [29-31]. The largest 
systematic review of focal therapy to date found that follow- 
ing treatment, the rate of pad-free continence ranged from 
95% to 100% and rates of erectile function adequate for pen- 
etration (with or without PDE-S inhibitors) ranged from 54% 
to 100% [11]. It is important to note that although the rate of 
erectile function in this systematic review ranged from 54% 
to 100%, the majority of studies had rates above 80% and 
many had rates nearing 90%. These rates may be compared 
to those observed following radical prostatectomy; in a large 
cohort study of more than 1000 patients undergoing radical 
prostatectomy for localized prostate cancer, 13.4% of 
patients reported no control or frequent urinary leakage, with 
13% of patients reporting urinary incontinence as a “moder- 
ate to big” problem [32]. The same study found that only 
75.7% of men had erections insufficiently strong for penetra- 
tion at 5 years following prostatectomy, with 46.7% of men 
reporting their sexual function to be a “moderate to big” 
problem. Radiotherapy may offer lower rates of urinary 
incontinence at 5 years (~3% patients reporting problem as 
“moderate to big”); however, rates of erectile dysfunction at 
5 years are clinically similar to those seen in prostatectomy 
(71.9% of men with erections insufficient for penetration). 
Additionally, radiotherapy may cause changes in bowel 
function, with 31.3% of patients reporting bowel urgency 
after 5 years and 5.8% of patients reporting their bowel func- 
tion as being a “moderate to big problem.” Based on current 
data as well as the hypothetical mechanism of action, focal 
therapy appears to avoid many of the deleterious side effects 
of whole-gland therapy. However, much of the currently 
available data on focal therapy functional outcomes are 
based upon small cohort studies and short-term outcomes. 
More robust and longitudinal research should be conducted 
on functional outcomes following focal therapy before defin- 
itive conclusions may be drawn. 


Conclusion 


Focal therapy is a promising new treatment option for 
localized low- or intermediate-risk prostate cancer that may 
represent a “middle ground” between active surveillance 
and definitive whole-gland therapy. The key advantage of 
focal therapy is its ability to ablate tumor within the pros- 
tate while sparing the surrounding healthy tissue. The key 
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conceptual tenets underlying focal therapy are appropriate 
patient selection, treatment of the index lesion at a mini- 
mum, and accurate localization of lesions and treatment 
delivery. Focal therapy may also represent an economic 
savings to the healthcare system, being significantly less 
costly than alternatives such as prostatectomy or radiother- 
apy. Additionally, focal therapy may have significantly bet- 
ter functional outcomes than alternative whole-gland 
therapies. Further research should be performed to better 
elucidate the oncologic, functional, and economic costs of 
focal therapy. 
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Prostate cancer is the most common cancer in males and the 
second-leading cancer-related cause of death in the western 
world. Prostate-specific antigen (PSA) screening, and changes 
in the diagnostic pathway of prostate cancer, has resulted in 
proportionally more men being diagnosed with early-stage 
prostate cancer still confined to the prostate. Patients are faced 
with an overwhelming choice of treatment options to treat 
their disease. Standard options include radical prostatectomy 
(RP) and external-beam radiotherapy (ERBT) which, although 
provide good long-term cancer control, are associated with 
significant side effects affecting the quality of life (QOL) of 
these patients [1]. This choice is even more complex for men 
diagnosed with localized disease, given the availability of 
long-term data of a randomized control trial showing a mean 
increase of survival of 2.3 years of radical treatment compared 
to watchful waiting at 29 years of follow-up [2]. 

The revolution in the diagnostic pathway with the intro- 
duction of multiparametric magnetic resonance imaging 
(mpMRI) before any sampling of the prostate will certainly 
correct some the errors of the previous strategy based on sys- 
tematic sampling. This approach is now supported by multi- 
ple level 1 evidence [3, 4]. This will certainly increase the 
odds of patient to seek for a partial ablation of the prostate 
when they and their physician visualized a definite target 
within the gland. 

While patients with very low-risk prostate cancer undergo 
active surveillance in the vast majority of case, there was a 
shift to propose alternative of whole gland treatment to patients 
harbouring intermediate-risk prostate cancer [5]. Various 
options are now available. Tumour ablation in the prostate can 
be achieved through various energy modalities including the 
thermal effect of focalized ultrasound in high-intensity- 
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focused ultrasound (HIFU). High-intensity-focused ultra- 
sound is one of the technologies for the treatment of localized 
prostate cancer with higher reported experience. The body of 
evidence that has consistently grew in support of this tech- 
nique suggests that achieving the trifecta of urinary conti- 
nence, potency and oncological control is possible. Indeed, the 
oncological outcomes are comparable with other treatments. 
The advantages of HIFU are manifold: it is minimally inva- 
sive, can be performed in a single session and as a day-case 
procedure, can be repeated if necessary and patients can be 
offered other treatments in cases of residual or recurrent dis- 
ease. The US Food and Drug Administration (FDA) granted 
first approval for prostate tissue ablation using HIFU in 2015. 

There is a continuous search for new minimally invasive 
technologies and HIFU seems to have the potential to fill this 
void in prostate cancer. This technique has, to date, mostly 
been assessed in cases of localized prostate cancer, whether 
primary (whole gland or focal) or as salvage therapy in cases 
of radiation failure. Therefore, HIFU has a role both as a 
primary and as a salvage treatment. The vast majority of the 
literature recently published reports on outcomes of focal 
ablation. Some limited series of salvage procedures post- 
HIFU are now available. 


The Technology 
Physical Principles 


Ultrasound refers to mechanical vibrations produced by a 
crystal or transducer. These vibrations have a frequency 
above the threshold of human hearing (16 kHz) and are pro- 
duced by applying an alternating voltage across a piezoelec- 
tric material such as lead zirconate titanate. These materials 
oscillate at the same frequency as the alternating current. The 
ultrasound waves that are produced can travel through human 
tissue. This subsequently leads to alternating cycles of 
increased and reduced pressure, compression and rarefac- 
tion, respectively. 
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Diagnostic ultrasound is of relatively high frequencies 
(1-20 MHz) and results in insignificant energy deposit, 
which is therefore harmless. Therapeutic HIFU uses lower 
frequencies (0.8-4 MHz) and therefore deposits lower 
energy within the ultrasound beams. Therapeutic ultrasound 
can be divided into two groups: ‘low’ intensity (0.125-—3 W/ 
cm’) or ‘high’ intensity (>5 W/cm’). The former can stimu- 
late normal physiological responses to injury. The latter can 
cause selective tissue destruction if delivered in a focused 
manner. The high-intensity ultrasound waves are converged 
by using an acoustic lens, bowl-shaped transducer, or elec- 
tronic phased array. Zones of high or low pressure are cre- 
ated as ultrasound waves travel through tissue. Tissue 
damage occurs when, during the high-pressure phase, the 
energy deposit at the focus is sufficiently high. 

These pressure fluctuations result in shearing motions at a 
microscopic level. This in turn causes frictional energy. 
Thus, mechanical energy is converted into heat energy. It is 
this heat energy that subsequently results in protein denatur- 
ation, disruption of the lipid cell membrane, coagulative 
necrosis and irreversible cell death. This is accompanied by 
an inflammatory response with formation of granulation tis- 
sue characterized by immature fibroblasts and new capillary 
formation at the periphery of the treated necrotic zone. 
Migration of polymorphonuclear leucocytes occurs 2 weeks 
after treatment and accompanied by fibrosis and scar tissue 
deposition as evidenced on multiparametric MRI of the 
prostate. 

The volume of tissue ablation with each HIFU pulse is 
shaped like a grain of rice that is 1-3 mm transversely and 
8-15 mm longitudinally (along beam axis). Each pulse is 
placed adjacent to each other to ablate larger volumes of tis- 
sue. Thermal toxicity is achieved at a temperature of 56 °C 
maintained for 1 s. The temperature achieved during HIFU is 
greater, that is, up to 80 °C, so even short pulses can kill cells 
[6-8]. 


HIFU Devices 


There are two main transrectal systems available for treat- 
ment of prostate cancer: Sonablate 500 (SonaCare Medical, 
Charlotte, NC) and Ablatherm Integrated Imaging with a 
new iteration called Focal One (EDAP TMS SA, Vaulx-en- 
Velin, France). 

Both systems now propose to incorporate preoperative 
imaging findings into treatment planning using some embed- 
ded fusion software. 


Sonablate 500 The Sonablate 500 device has two 4 MHz 
transducers operating at focal distances of 4, or 3 cm. They 
are mounted back-to-back. Each transducer has a dual role. 
The centre is used as an imaging device and takes real-time 
ultrasound imaging; the periphery is used for treatment. The 
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treatment head within the probe can be flipped according to 
the desired depth of penetration. The 4 cm transducer is rou- 
tinely used for the anterior and the 3 cm one used for the 
posterior parts of the prostate glands. Pulse duration gener- 
ally lasts for 3 s, followed by a 6 s gap to allow tissue cool- 
ing. New feature has been added for the 4 cm focal length 
transducer with 2 pulses of 3 s, 3 s followed by a 3 s cooling 
gap. 

The combined imaging and therapeutic roles of the trans- 
ducer allow for direct visualization after each pulse of treat- 
ment cycle. The Sonablate device does not have a 
protocol-driven treatment. Rather, the power intensity of 
each pulse is guided by the grey-scale changes within the 
targeted area that represents steam. These grey-scale ‘pop- 
corning’ changes have been termed ‘Uchida’ changes, named 
after the Japanese urologists who pioneered work with the 
Sonablate device. 

The Sonablate machine allows for the treatment to be 
planned and executed in two or three separate blocks. The 
anterior part of the gland is treated first, followed by the mid- 
zone and posterior parts. The transrectal probe will require 
adjustment between each block. The posterior block is always 
treated using the 3 cm focal length with lower energy levels to 
prevent rectal injury by heat build-up. Rectal cooling is 
achieved by pumping chilled degassed water at temperatures 
of 17-20 °C. Patients are placed in the dorsal lithotomy posi- 
tion for the Sonablate machine. The next generation now 
incorporates image fusion to deliver targeted therapy [9]. 


Ablatherm and Focal One The Ablatherm device uses two 
transducers: one for imaging (7.5 MHz) and one for treat- 
ment (3 MHz) and allows ablation up to 25 mm from the 
rectum. Each pulse is of 4—5 s, followed by an interval of 
4-7 s (Table 13.1). The Focal One has been developed with a 
dynamic focal length, creating focal points that lie between 
32 and 67 mm from the transducer. 

This device uses predefined treatment algorithms with 
preset energy levels depending of the clinical situation: as a 
primary procedure, as a retreatment and for radiation fail- 
ure. Therefore, the energy level, for each pulse, cannot be 
individually controlled by the operator. The treatment is 
planned slice by slice from the apex to bladder neck after 
the ultrasound scan of the prostate is obtained and recon- 
structed in 3D. Treatment is delivered to each lobe, anterior 
to posterior. The transrectal probe is incorporated into a 
table, which also holds the pump and cooling mechanism. 
The patient is placed on this table in the right lateral posi- 
tion. In addition, the Ablatherm device has a safety ring that 
stabilizes the rectal wall intraoperatively as well as a patient 
motion detector [6, 8]. The new Focal One device, which 
incorporates image fusion, has very similar features to the 
previous Ablatherm generation and works very much in the 
same way to deliver the HIFU pulses, although it is reported 
to be more precise. 
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Primary High-Intensity-Focused Ultrasound: 
Development and Outcomes 


HIFU has been used primarily in the setting of whole gland 
ablation to present a minimally invasive alternative to 
radiotherapy and radical prostatectomy. The advances in 
the understanding of the disease and implications of multi- 
focality with the concept of the index lesion paired with 
the dramatic revolution induced by multiparametric MRI 


Table 13.1 Comparison of Sonablate 500 and Ablatherm devices 
Ablatherm-integrated 


imaging Sonablate 500 

Company EDAP TMS SA, SonaCare Medical, USA 
France 

Approval since 2005 2001 

Table Integrated Standard 

Patient position Right lateral Lithotomy or supine 

Frequency 7.5 MHz for treatment 4 MHz for treatment and 
planning 3 MHz for planning 
treatment 

Focal point 4.5 cm 3-5 cm 

Transducer Single-treatment Single-treatment probe 
probe with two with two transducers of 
transducers different focal lengths 

Power Predefined for each Manual adjustment by 
treatment operator 

Ablation >85 80-98 

temperature 

CC) 

Imaging Real time Real time 

Active cooling Yes ves 

system 

Rectal wall Yes Yes 

cooling 
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initiated a shift towards the dominant use of HIFU for 
focal ablation. Development, refinements of the technique 
and data are now more mature for partial ablation of the 
gland. 


Whole-Gland HIFU 


Treatment of localized prostate cancer with transrectal HIFU 
has initially been delivered as a minimally invasive therapy 
to the entire prostate gland. Historically, HIFU treatment was 
initially delivered in two sessions, one for each lobe. This 
was subsequently followed by a single session to treat the 
whole gland. Some centres combine transurethral resection 
of the prostate (TURP) immediately before the HIFU treat- 
ment in a single session to decrease the gland size, remove 
intra-prostatic calcification that could impede the ultrasound 
waves and reduce the risk of obstruction and urinary reten- 
tion secondary to necrotic tissue (Fig. 13.1a, b). 

Most HIFU studies have used PSA threshold values and 
biopsy results to assess failure. Many studies use the ASTRO 
or Phoenix definitions for biochemical failure. However, bio- 
chemical failure is difficult to define with HIFU, more so 
with focal HIFU. 

Poissonnier et al. evaluated 227 patients with localized 
prostate cancer who were treated with whole-gland HIFU 
using the Ablatherm device. The HIFU session was combined 
with a TURP in 176 of these patients. With a follow-up of 
27.5 + 20 months, the actuarial disease-free survival rate at 
5 years was 66%. The post-HIFU biopsies carried out after 
3 months were negative in 86% (196 patients). Using PSA 
nadir as a prognostic value, the patients were divided into 
three subgroups: nadir PSA <0.5 ng/ml, between 0.51 and 


Fig. 13.1 (a) T2-weighted image on the left showing a left peripheral zone lesion. (b) T2-weighted image showing prostatic cavity with whole- 
gland HIFU ablation 
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1 ng/ml and > 1.1 ng/ml. The negative biopsy rates observed 
in each subgroup were 89%, 76% and 68%, respectively [10]. 

The series presented by Blana et al. in 2008 analysed a 
total of 167 patients who underwent whole-gland HIFU, 116 
of whom underwent concomitant TURP. Of the 124 patients 
who had a follow-up biopsy, 115 patients (92.7%) had no 
evidence of clinically significant cancer and 12.2% transi- 
tioned into salvage treatment. Grade 1 urinary incontinence 
was found in ten (6.1%) of the patients, three (1.8%) patients 
had grade 2 incontinence and none had grade 3 incontinence. 
Of the 127 patients, 76 had no erectile dysfunction prior to 
the HIFU procedure. Of these, 42 (55.3%) had full potency 
and 34 (44.7%) had erectile dysfunction [11]. 

The multicentre series described by Crouzet et al. fol- 
lowed up a total of 803 patients, of whom only 589 patients 
had biopsies post-HIFU. Of these, control biopsies were 
negative in 459 patients (77.9%) and positive in 130 (22.1%). 
Nearly 22.7% (182) of patients subsequently had salvage 
treatment [12]. A further study from the same group fol- 
lowed a total of 1002 patients treated with HIFU to the whole 
gland with 63% of patients achieving a PSA nadir of <0.3 ng/ 
ml. A total of 37.1% (371) patients exhibited a PSA rise and 
transitioned to salvage therapy [13]. 

Conversely, another French group, Ripert et al., reported 
on 53 patients with a mean follow-up or 45.4 months and 
adverse oncological outcomes, although not associated with 
any risk group. They found that, overall, 36 (67.9%) patients 
exhibited oncological failure [14]. 

Similarly, Pfeiffer et al. examined a total of 191 consecu- 
tive patients and reported overall and cancer-specific survival 
rates of 86.3% and 98.4%, respectively. Metastases were 
detected in 7 (3.7%) patients and oncological failure was 
experienced in 70 (36.6%) [15]. 

Thiiroff and Chaussy published the outcomes on their 
15-year experience. With a total of 704 patients, the 
cancer-specific and metastases-specific survival rates were 
99% and 95%, respectively. They report a retreatment rate of 
15%, urinary incontinence in 4%, infection in 2.1% and 
obstruction in 4.6% [16]. 

Similarly, Blana et al. published their long-term results in 
2007. In a study incorporating 140 patients, they showed that 
good cancer control may be achieved with 114 of the 132 
(86.4%) patients who underwent post-HIFU biopsies being 
negative with no statistical differences between the low- and 
intermediate-risk groups. The overall survival rates at 5 and 
8 years were 90% and 83%, and only 15% subsequently had 
salvage treatment [17]. 

These studies showed similar results to their registry anal- 
ysis of 356 patients from nine centres over a period of 
15 years. The rates of negative biopsies in the low-, interme- 
diate- and high-risk groups were 86%, 78.5% and 74.2%, 
respectively. The median PSA nadir achieved was 0.11 ng/ml 
at a mean of 14.4 weeks [18]. 
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There are several series that have used the Sonablate 
device for whole-gland primary HIFU treatment. 

Uchida et al. reported on their 5-year experience of whole- 
gland HIFU, a study incorporating a total of 517 men with 
Tlc-T3NOMO disease. The biochemical disease-free rate at 
5 years was 72%. Of the 483 who underwent post-HIFU biop- 
sies, 401 (83%) showed no evidence of clinically significant 
disease [19]. A further study from the same group focused on 
the quality of life parameters following HIFU treatment. Of 
the 326 patients, 78% of patients not receiving neoadjuvant 
hormonal therapy were potent 24 months after HIFU, and the 
maximum flow rate and residual urine volume returned to 
baseline values at 12 or 24 months post-HIFU [20]. 

Another series from Japan that examined 137 patients 
achieved a PSA nadir of <1.0 ng/ml in 95% of patients. 
Erectile dysfunction occurred in 37% (22/59) who did not 
undergo hormonal therapy prior to HIFU. Of the 137 patients, 
133 underwent post-HIFU prostate biopsies. Of these, six 
were positive for malignancy [21]. 

Ahmed et al.’s group reported the first UK series of whole- 
gland HIFU in 2009. Of the 172 men who had a mean fol- 
low-up of 346 days, 70% maintained potency by 12 months 
whilst only 7% reported mild stress incontinence with no pad 
use, with a further 0.6% of patients reporting the requirement 
of pads. Nearly 92.4% exhibited no evidence of disease 
showing that excellent cancer control can be achieved with 
HIFU [22] (Table 13.2) [10-23]. 


Focal HIFU 


Focal therapy has emerged as an alternative option to stan- 
dard treatments. The main aim of focal therapy is tissue pres- 
ervation with selective ablation, allowing preservation of 
existing functions and minimizing the impact on the quality 
of life. There are a number of different ablative energies in 
existence, amongst which is HIFU. The literature about 
HIFU currently includes phase 2 trials and post-marketing 
studies from prospective registries, either single or 
multicentre. 

HIFU was first established for use in benign prostatic 
hyperplasia (BPH). It was then translated for use in localized 
prostate cancer, and one of the first focal HIFU series to be 
reported was Madersbacher et al.’s study on 29 patients who 
underwent focal HIFU prior to RP. These men were diag- 
nosed with unilateral localized disease. They showed that 
focal HIFU was possible without compromising the integrity 
of intervening structures such as rectum and urethral sphinc- 
ter [24]. The ability of HIFU to achieve well-defined areas of 
coagulative necrosis was later confirmed with another study 
demonstrating the potential for HIFU to treat localized 
prostate cancer in a focal manner [25] (Figs. 13.2a, b and 
13.3a, b). 
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Table 13.2 Primary whole-gland HIFU 


Study 
Poissonnier 
et al. 
(2007) [10] 
Blana et al. 


(2008) [17] 


Blana et al. 


(2008) [11] 


Blana et al. 


(2009) [23] 


Crouzet et al. 


(2011) [12] 


Ripert et al. 
(2011) [14] 


Blana et al. 
(2012) [18] 


Uchida et al. 
(2009) [19] 


Ahmed et al. 
(2009) [22] 


Shoji et al. 
(2010) [20] 


Inoue et al. 
(2011) [21] 


Pfeiffer et al. 
(2012) [15] 


Thiiroff and 
Chaussy 
(2013) [16] 


Crouzet et al. 


(2014) [13] 


Device 
Ablatherm 
N= 227 


Ablatherm 
N= 140 


Ablatherm 
N= 167 


Ablatherm 
N= 285 
Ablatherm 
N= 803 


Ablatherm 
N= 53 


Ablatherm 
N= 3DE 


Sonablate 


N=517 


Sonablate 


N=172 


Sonablate 


N = 326 


Sonablate 
IN =S 


Ablatherm 
N=191 


Ablatherm 
N=704 


Sonablate 
N= 1002 


D’ Amico risk 
groups 

(%) 

NR 


Low 51.4 inter 
48.6 


Low 51.5 
Inter 48.5 


Low 40.2 
Inter. 46.3 
High 13.5 


Low 52.8 
Inter 47.2 


Low 44.9 Inter 
39.6 
High 14.6% 


Low 28 
Inter 38 
High 34 
Low 28 
Inter 38 
High 34 


Low 21 
Inter 50 
High 29 
Low 38 
Inter 63.6 
High 28 


Low 21.6 
Inter 38.4 
High 40 
Low 37 
Inter 45 
High 17 
Undefined 1 


Follow-up 
(months) 
27 


76.8 


57.6 


56.4 


42 


45.4 


33.6 


24 


12; 


36 


52.8 


63.6 


76.8 


BFSR biochemical free survival rate, NR not reported 


Post-HIFU 
histology 
(% negative) 
86 


86.4 


925) 


VAS) 


80.5 
(182/226) 


83 
(401/483) 


92.4 


955 
Negative 


Low 84.2 Inter 
63.6 

High 67.5 
Total 72.3 
(110/152) 
Negative 


63 (485/774) 


BFSR 
(%) 
66 


77 at 

5 years 
69 at 

7 years 
75 


21.7 


85 at 

5 years 
79 at 

7 years 
12 


Low 76 
Inter 63 
High 57 


Low 84 
Inter 64 
High 45 
Low 91 
Inter 81 
High 62 
Low 84.8 
Inter 
64.9 
High 
54.9 


Low 86 
Inter 78 
High 68 


Biochemical 
control 

(%) 

84 (PSA < 0.5) 
7 (PSA 0.51-1) 
8 (PSA > 1.0) 
68.4 

(PSA < 0.5) 
31.6 

(PSA > 0.5) 

75 (Phoenix) 
86 (PSA < 1.0) 
64 (PSA < 0.2) 


54.3 

(PSA < 0.3) 
21.4 (PSA 
0.3-1) 

22 PSAE 
1.9 (not 
determined) 
20.8 

(PSA < 0.2) 
30.2 (PSA 
0.21-1) 

49 (PSA > 1) 
PSA nadir 0.11 
at 


Not stated 


61% (PSA 
<02) 
83% (PSA 
<05) 


95% 
(PSA < 1.0) 


74.1% 
(PSA < 0.3) 


63% 

(PSA < 0.3) 
56.6% 
(PSA < 0.2) 


Metastasis-free 
survival 

(%) 

NR 


NR 


NR 


97% 


NR 


NR 


NR 


NR 


NR 


NR 


NR 


95% 
(10 year) 


94% 
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Cancer-specific 
survival 

(%) 

NR 


NR 


99.7% 


99% 


100% 


NR 


NR 


NR 


NR 


NR 


98.4% 


99% 
(10 year) 


97% 
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13.2 (a) T2-weighted image showing a lesion in the right peripheral zone. (b) T2-weighted image showing treatment of the right peripheral 


zone lesion with hemiablation HIFU 
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(a) T2-weighted image showing right peripheral zone lesion. (b) T2-weighted image showing right posterior quadrant ablation HIFU 


One of the next series of study is by Muto et al., in which 
whole-gland and focal HIFU were performed and compared. 
Indeed, no significant differences were noted in the 2-year 
biochemical disease free survival (DFS) rates for the patients 
at low and intermediate risk between whole-gland and focal 
therapies. Interestingly to highlight, there were also no dif- 
ferences noted in the QOL parameters [26]. Indeed, Murat 
et al. looked at the outcome on erectile dysfunction after 56 
patients underwent hemiablation HIFU. Of the 52 patients 
with a pre-HIFU International Index of Erectile Function 
(IIEF)-5 of more than 17, 28 patients had a post-HIFU ITEF-5 
score of more than 17. After the second HIFU session, 20% 
of the 15 patients with an IIEF-5 of more than 17 remained 
with the same outcome [27]. 


Ahmed et al. have published three series on focal HIFU 
for localized prostate cancer. The first comes from 2011 as a 
phase I/II trial, where 20 men were treated with hemiablation 
HIFU. Ninety-five percent retained their potency whilst 95% 
were pad-free. Eighty-nine percent of men achieved the tri- 
fecta status of cancer control, erections sufficient for inter- 
course and pad-free, leak-free continence at 12 months. 
These results demonstrate the feasibility of hemiablation as 
one form of focal therapy. However, with the increased pre- 
cision in the diagnostic pathway of prostate cancer, more 
precise characterization has made treating the cancer more 
focally possible [28]. 

In fact, the same group published similar findings on 42 
men who received focal HIFU with 92% having no clinically 
significant cancer on follow-up biopsies in 30/39 men who 
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were biopsied. Four men had retreatment with no evidence 
of disease on MRI at 12 months. Nearly 89% of men were 
reported to have sufficient erections for penetration, and all 
men with no baseline incontinence achieved pad-free conti- 
nence at 12 months [29]. 

The third series also reported similar findings. A total of 
56 patients were treated with focal HIFU, of whom 85.7% 
had no measurable prostate cancer post-HIFU. Forty patients 
had leak-free, pad-free continence and had erections suffi- 
cient for penetration. Of the 41 patients with good baseline 
function, 22 (53.7%) achieved the trifecta status of pad-free, 
leak-free continence, good erectile function and absence of 
clinically significant disease [30]. 

Using another device, Feijoo et al. reported a prospective 
single-centre cohort of 67 men undergoing hemiablation. 
They described the same profile of functional outcomes with 
all men remaining continent and 11 of 21 having persistent 
potency after the intervention [31]. In this lower-risk popula- 
tion, including 86.6% of Gleason score (GS) of (3 + 3) and 
13.4% of Gleason score of 7(3 + 4), 56 of 67 patients had 
negative biopsy for any cancer on the treated lobe. 

A group from North America reported a retrospective 
series of 150 patients referred from 3 different institutions 
who underwent HIFU as a partial gland ablation at one site 
[32]. Bass et al. described a cohort harbouring Gleason 7 
(3 + 4) in 89% of the cases at baseline. A total of 37 patients 
presented significant cancer at systematic biopsy 1-year 
post-ablation. They interestingly described an increased risk 
of recurrence in the tumour close to midline. 

Reproducibility of those encouraging findings led to mul- 
ticentre trials and post-marketing reports in the same 
setting. 

Rischmann et al. reported the outcomes of a phase 2b trial 
in 10 centres [33]. The 111 patients received an hemiablation 
between 2009 and 2015 for localized prostate cancer. Patients 
harboured Gleason Score 6 (3 + 3) and 7 (3 + 4) in 74% and 
26% of the cases respectively. Of the 101 patient who under- 
went the per protocol biopsy, 96 (95%) and 94 (93%) had no 
significant cancer in the treated and contralateral lobes, 
respectively. At 24 months, the radical treatment survival- 
free rate was 89% (CI 81—93.8). They also reported low tox- 
icity for both urinary and sexual functions. 

Still on a multicentre setting but reporting prospective 
registry data, Guillaumier et al. presented the results of a 
multi-institutions registry in UK [34]. This is the first report 
of 5 years of outcomes in this multicentre setting. Only one 
type of device was used and therefore it can be considered as 
a post-marketing study. The National Institute for Health and 
Care excellence (NICE), the UK regulatory body, permitted 
the use of the technology under special arrangements like 
prospective monitoring of outcomes. This report described 
the outcomes of the 625 consecutive patients with non- 
metastatic significant prostate cancer. In this cohort, the his- 
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tology was certainly of higher grade than in previous 
multicentre reports. Indeed, 28%, 55%, 14% and 2% of 
patients presented, respectively, Gleason scores of 6 (3 + 3), 
7 (3 +4), 7 (4 +3) and > 8. Most importantly, the vast major- 
ity of the population underwent a high-resolution diagnostic 
strategy with either transperineal mapping biopsy or MRI- 
guided targeted biopsy. Insignificant cancer was permitted 
outside the treated area and to be monitored post-ablation. 
Various types of ablation were tailored to the location of the 
cancer focus, ranging from hemiablation to quadrant to wide 
local ablation. The outcomes showed a high failure-free sur- 
vival rate, defined as freedom from radical treatment, hor- 
monal manipulation, metastases and cancer-specific 
mortality of 88% at 5 years. A total of 121 patients under- 
went a repeat HIFU treatment for local recurrence. The tox- 
icity remained very low overall with 98% of patients who 
remained pad-free at 3 years after the initial ablation as 
assessed using the EPIC urinary domain questionnaires. No 
data were reported in terms of erectile function. 

Stabile et al. reported a large cohort of 1032 men form a 
single team of surgeons across two sites [35]. More than 
80% were histologically characterized with a Gleason score 
of 7 and above. A total of 964 patients (93.4%) did not 
require radical treatment. From the whole population, 271 
(26.3%) underwent a second treatment, which was a second 
HIFU in 193 (71%) of the cases. Retreatment-free survival 
estimates were significantly different between GS 7 (4 + 3) 
and GS (3 + 4) and G6 (3 + 3) but not between GS (3 + 4) and 
GS 6(3 + 3). On a multivariate analysis, they showed that T 
stage, preoperative PSA and year of surgery were associated 
with a higher probability of retreatment. The clear trend 
across time of the decrease of retreatment rate was inter- 
preted as a learning curve effect in selection of patients and 
the operative technique. The increase of knowledge about the 
margin to take around an mpMRI is also evocated as a 
factor. 

A large prospective multicentre trial (NCTO1 194648) for 
localized unilateral significant prostate cancer completed 
recruitment and is in the follow-up phase. Primary outcome 
measures are oncological results at 5 and 10 years. Long- 
term 10-year data are not expected before 2029. 

From the functional point of view, Faure Walker et al. per- 
formed a systematic review of time to return to baseline erec- 
tile function for different energy modalities used in focal 
therapy utilizing patient-reported outcomes [36]. Specifically 
for HIFU, they described a return to baseline within 6 months 
of post-ablation. Nearly 10% of patients were using phos- 
phodiesterase 5 inhibitor (PDES-I) at baseline, and this 
increased to 37% at 12 months. There was no significant dif- 
ference in the IEF-15 total score between baseline and at 6, 
9 and 12 months. This confirms the low toxicity profile of 
focal HIFU. 
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Refinement in patient selection was due to the widespread 
use of modern imaging in the form of multiparametric MRI 
combined with targeted biopsy. mpMRI also enable treat- 
ment planning and choice of energy. Some centres have 
adopted a ‘a la carte’ approach where cancer in the anterior 
component of the gland is directed to a needle-based treat- 
ment and more posterior lesions to HIFU [37]. The aim is to 
reduce recurrence rate by maximizing energy deposition in 
the tumour. 

The use of prostate MRI to guide focal therapy in general 
is now widespread. Multiple reports consistently describe 
the underestimation of the tumour volume by MRI and the 
need to adopt a margin around the lesion to aim for a com- 
plete ablation [38]. There is no consensus of the size of this 
margin, but an extension beyond 5 mm has been used in sev- 
eral studies. The HIFU systems currently available propose 
some solution for fusion of a preoperative mpMRI over the 
live ultrasound during the treatment. This aims to overcome 
the localization of the cancer which is invisible in the ultra- 
sound and differences between acquisition plan of the two 
imaging modalities. An elastic component can be added to 
compensate for the deformation of the prostate induced by 
the endorectal HIFU probe (Fig. 13.4). 

Targeting treatment to a discrete area of prostate tissue 
preserves surrounding structure and in doing so helps main- 
tain patients’ functions and quality of life. Focal HIFU has 
recently emerged as one of the minimally invasive tech- 
niques that provide acceptable morbidity rates whilst giving 
good oncological outcomes (Table 13.3). There was a clear 
shift across time in proposing focal HIFU from a low-risk 


Fig. 13.4 Focal HIFU (Sonablate 500) of a right peripheral zone can- 
cer with a Gleason score of 3 + 4 diagnosed at MRI targeted biopsy. 
Green line is fused contours of the prostate at mpMRI using elastic 
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category to intermediate- to high-risk population. Results are 
now available for this population. Those medium-term onco- 
logical outcomes are acceptable for this population and com- 
parable to whole-gland treatments. Long-term data are 
awaited [24—-35, 39, 40]. 


Salvage High-Intensity-Focused Ultrasound: 
Outcome Measures 


Post-Radiation Failure 


Up to 45% of patients treated for localized prostate cancer 
with external-beam radiotherapy (EBRT) will experience 
biochemical relapse within 8 years [41-43]. Positive pros- 
tate biopsies after initial ERBT are associated with a higher 
risk of developing metastatic disease or death, with the 
median time for developing metastases after biochemical 
failure is approximately 3 years [44]. Most men receive 
androgen-deprivation therapy, which has a significant 
impact on the quality of life of patients as well as bone 
health and cardiac and metabolic implications. However, 
patients diagnosed with local recurrence after ERBT with- 
out any evidence of metastatic disease may be suitable for 
local salvage therapy and have four treatment options avail- 
able: salvage radical prostatectomy, salvage brachytherapy, 
salvage cryotherapy and salvage high-intensity-focused 
ultrasound [45]. There are several series that uses HIFU as a 
salvage therapy option in recurrent prostate cancer after 
ERBT failure (Fig. 13.5a, b). 


| Rim, rwo and RvB 


Treatment Time 
Total therapy planned (hh:mm:ss): 0:13:48 
Therapy elapsed (hh:mm:ss): 0:23:33 
Therapy remaining (hh:mm:ss): 0:04:39 


) Treatment Time 


Last reading: 2.352 (Large change) 
Total cycles: 6o 
Small change: 1 (2%) 
Moderate change: 11 (18%) 
Large change: 48 (60%) 
Uncalculated: o (0%) 
a i r r 

Stack/| ssi — ng Transduce im 
Amplitude: 146 
Saturation: O 
HIFU Energy Calculations 
Last HIFU cycle: B1 joules 
Total cycles: 61 
Total energy: 4,941 joules 
Energy density: — 187 joules/OC 


LINEAR: 12:47:50 PM a| 


registration. Orange line is fused MRI lesion. Note margin taken around 
mpMRI lesion and Ushida changes in treated area 
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Fig. 13.5 (a) T2-weighted image showing left peripheral zone lesion. (b) T2-weighted image showing salvage focal HIFU treatment to the left 
posterior quadrant 


Zacharakis et al. reviewed a series of 31 patients treated 
with salvage HIFU using the Sonablate 500 machine. They 
had previously received ERBT of 66-70 Gy and 18 out of 31 
patients were on hormone therapy at the time of HIFU treat- 
ment. Three percent had recto-urethral fistula. Biopsies were 
carried out in 6 out of 10 patients that experienced PSA rise 
postoperatively. Seven percent of patients (2/31) were found 
to have local recurrence, 3% of patients (1/31) revealed posi- 
tive lymph nodes on MRI and 10% confirmed having meta- 
static disease. Overall, 71% had no evidence of disease 
following salvage HIFU [46]. 

Another group, Gelet et al., included 71 patients in 
another similar series, with a follow-up of 14.8 months. 
Eighty percent (57/71) of patients had negative biopsies, and 
at the last follow-up, 44% had no evidence of disease pro- 
gression with 6% developing rectal fistula, 7% urinary 
incontinence and 17% bladder neck stenosis [47]. 

From the same group, Murat et al. published their mid- 
term results. 167 patients were included in the study with 
194 HIFU sessions performed as 27 patients underwent two 
HIFU sessions. Ninety-five (56.8%) patients had previously 
been treated with androgen-deprivation therapy (ADT), of 
whom 81 had ADT as adjuvant therapy and 14 had cytore- 
duction treatment. Negative biopsy results were achieved in 
122 (73%) of patients with a median follow-up of 
18.1 months. Overall survival was 84% [45]. 

Early outcomes from salvage HIFU have been reported 
by Crouzet et al. on a cohort of 290 men with biopsy- 
confirmed radio-recurrent prostate cancer and a mean fol- 
low-up of 48 months. A total of 145 patients received 
androgen-deprivation therapy (ADT) prior to HIFU treat- 
ment. Sixty-five patients received this as combination ther- 
apy with ERBT, 66 as adjuvant therapy following ERBT and 
14 patients as cytoreduction therapy. All patients discontin- 


ued ADT prior to the salvage HIFU procedure. The side- 
effect profile included recto-urethral fistula (0.4%) and 
urinary incontinence (19.9%) [48]. 

Song et al. report on a small series that includes a total of 
13 patients with a median follow-up of 44.5 months. The 
overall biochemical-free rate was 53.8% with 38.5% requir- 
ing interventions for complications [49]. 

Whole-gland salvage treatments such as salvage radical 
prostatectomy (RP) are associated with increased risk of 
bowel and genito-urinary complications. HIFU has a role as a 
focal salvage therapy in the treatment of localized prostate 
cancer recurrence after EBRT, like described by Ahmed et al. 
in their pilot study where they treated 39 patients with focal 
HIFU. The median PSA nadir achieved was 0.57 ng/ml (0.1- 
2.3) and 44% achieved a PSA nadir of <0.5 ng/ml. Of these, 
the 1-year, 2-year and 3-year biochemical-free survival rates 
were 86%, 75% and 63%, respectively. For the group that did 
not achieve this PSA nadir, these rates decreased to 55%, 24% 
and 1%, respectively. The pad-free rate was 87% as measured 
at last follow-up [50]. 

This data is supported by a further study from Baco et al. 
who performed hemiablation HIFU in unilateral radio- 
recurrent disease in 48 patients. The mean PSA nadir 
achieved was 0.69 ng/ml at a median follow-up of 
16.3 months. Disease progression occurred in 33% (16/48) 
of patients, of whom four had local recurrence in the 
untreated lobe and four in bilateral lobes. The progression- 
free survival rates at 12 and 24 months were 83% and 52%. 
Severe urinary incontinence occurred only in 8% (4/48) of 
patients and 75% (36/48) were pad-free [51]. 

Mature data are available for focal salvage 
HIFU. Kanthabalan et al. performed a retrospective analysis 
of a single cohort of 150 men who underwent focal salvage 
HIFU with a median follow-up of 35 months [52]. Metastatic 
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status was excluded using choline PET scan and bone scan. 
Using a composite outcome defined as any local recurrence, 
progression to metastatic status, start of systemic treatment 
or specific death of prostate cancer, they reported a failure 
rate of 61% with a median free survival of 40% at 3 years. 
The median nadir PSA was 0.67 ng/ml versus a pretreatment 
median of 5.5 ng/ml. They identified at multivariable analysis 
keys pre-operative characteristics of failure like PSA nadir and 
initial local stage based on MRI. The side effect profile was 
clearly different from the primary focal HIFU [53]. 

HIFU as salvage therapy in patients with local recurrence 
after ERBT allows local control of the disease whilst pre- 
serving functional outcomes and quality of life. The morbid- 
ity associated with HIFU in salvage cases remains relatively 
low; however, longer-term follow-up is required (Table 13.4) 
[45—49, 51, 52]. 


Post-Radical Prostatectomy 


Radical prostatectomy (RP) is one of the standard primary 
curative treatment options for localised prostate cancer [54]. 
The recurrence rates of RP vary between 17 and 29% [55]. 
An increase in the PSA level postoperatively is often a 
sign of local recurrence, in the absence of identifiable meta- 
static disease. This has traditionally been treated with sal- 
vage radiotherapy. HIFU is one of the minimally invasive 


Table 13.4 Salvage HIFU 


D’ Amico risk Mean 
groups follow-up 
Study Device (%) (months) 
Gelet et al. Ablatherm NR NR 
(2004) [47] 
Zacharakis et al. Sonablate NR 7.4 
(2008) [46] 500 
Murat et al. Ablatherm NR 18.1 
(2009) [45] 
Crouzet et al. (2012) Ablatherm Low 19 48 
[48] Inter 31.4 
High 43 
Song et al. Ablatherm Low-inter 54 44.4 
(2014) [49] High 46 
Baco et al. Ablatherm NR 16.3 
(2014) [51] 
Kanthabalan et al. Sonablate Low 4 (2.7) 35) 
(2017) 500 Inter 59(39) 
[52] High 62 (41) 
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therapies that can be used as a salvage option after prostatec- 
tomy failure. 

Asimakopoulos et al. describe their findings on 19 patients 
with biopsy-proven locally recurrent prostate cancer after RP 
who were treated with a single session of salvage 
HIFU. Nearly 89.5% (17/19) patients showed a PSA nadir of 
<0.1 ng/ml 3 months after HIFU. 8/17 patients were classi- 
fied as failure during a median follow-up of 48 months. 9/17 
(52.9%) patients continued to be a success. The overall 
4-year biochemical disease-free rate was 47.4% [56]. 

From Japan comes a case study by Hayashi et al. looking 
at biochemical recurrences after RP. It describes how four 
patients with local recurrence at the vesicourethral anasto- 
motic site were treated. Three patients were treated with 
ERBT and hormones as salvage therapy. They were then 
treated with HIFU using the Sonablate 500 device. 
Adenocarcinoma was confirmed by biopsy of lesion at the 
vesicourethral anastomotic lesion prior to HIFU treatment. 
Two of the patients were biochemically free of disease 
24 months post-salvage HIFU, with PSA levels <0.02 ng/ml, 
and three showed negative biopsies [57]. 


Post-Brachytherapy 
Brachytherapy is well established as a primary treatment for 


localized prostate cancer. The biochemical recurrence-free sur- 
vival rate has been reported to be 77% at 12 years [58]. 


Metastatic- 

Cancer-specific specific 
DFS PSA kinetics survival survival Mortality 
(%) — (%) (%) (%) (%) 
38 NR NR 127 235) 
NR NR NR NR NR 
Low NR NR NR NR 
53 
Inter 
42 
High 
25 
Low 60.7 80 79.6 10 
45 (PSA < 0.3) 
Inter 
31 
High 
21 
Skis) | INI NR NR NR 
NR NR NR NR NR 
49 NR 97.3 90.5 96.6 
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However, failure after brachytherapy poses a challenge in terms 
of further treatment options. Brachytherapy intra-prostatic 
seeds compromise and hamper the delivery of energy to the 
prostate tissue, impaired visualization of the gland, as well as 
reflectivity towards the rectum [54]. 

Few studies have looked at salvage HIFU after brachy- 
therapy failure. Yutkin et al. present their findings from 17 
patients who underwent whole-gland salvage HIFU after 
biochemical failure following brachytherapy. A PSA 
response rate was achieved in 95% of patients in 3 months 
and a biochemical recurrence-free survival rate of 73.6% 
was achieved at a mean of 4.3 years [59]. 


Post-HIFU Follow-Up 
PSA Surveillance and HIFU Failure 


Albeit using the same energy, whole-gland and focal HIFU 
diverge by essence in the proportion of ablated prostate tis- 
sue. While a binary response is expected with a whole gland 
treatment, focal HIFU will inevitably leave some significant 
tissue secreting PSA. Biochemical failure is therefore diffi- 
cult to define after focal HIFU. 

For whole-gland HIFU, there is, to date, no consensus on 
the definition of biochemical failure in patients treated with 
HIFU. Many studies have applied either the ASTRO or 
Phoenix definitions. A study by Blana et al. addresses this 
issue [23]. Their statistical model distinguishes between 
specificity and sensitivity, in that specificity prioritizes local 
recurrences, regional or distant recurrences or death from 
prostate cancer whilst a high sensitivity prioritizes cure. The 
study shows that a high PSA threshold value (2.0 mg/ml) is 
associated with an increase in specificity and low PSA 
threshold values are associated with high sensitivity. This 
study demonstrates that the biochemical events best predict- 
ing clinical failure were PSA threshold of 1.2-1.4 ng/ml: a 
PSA nadir plus 1.1-1.3 ng/ml, PSA doubling time of 1.25 
and 1.75 years and PSA velocity of <0.3 ng/ml/year. The two 
definitions that best predicted clinical failure were ‘nadir 
+1.2’? and a ‘PSA velocity >0.2 ng/ml/year’. This study 
therefore suggests that the Stuttgart definition be added to 
the assessment of HIFU therapy. The Stuttgart definition in 
this study had a positive predictive value of 55% suggesting 
that clinical judgement also needs to be applied. 

Also important to note is the fact that PSA frequently 
rises to above nadir with therapies such as brachytherapy, 
ERBT and HIFU. The clinician must decide on how mean- 
ingful the PSA increase is. It is of concern whether it rises to 
a level above nadir + 1.2, as demonstrated in the above- 
mentioned study [23]. 
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HIFU may be repeated with little increase in morbidity. It 
may be necessary to repeat HIFU to return a patient to a 
disease-free state. Therefore, this should not be considered a 
biochemical failure unless their PSA fails to decrease below 
nadir + 1.2 or if their PSA increases above nadir + 1.2 [60]. 
It may be necessary in the future to further refine the defini- 
tion of biochemical failure depending on the number of 
HIFU treatments per patient. 

For focal therapy, only one study has focused on the rela- 
tionship between the percentage of reduction of PSA and the 
risk of receiving further treatment following primary focal 
HIFU. Stabile et al. report in a large multi-institutional set- 
ting that the percentage of reduction of PSA following focal 
HIFU is reversely associated with the need for additional 
treatment [61]. Within a 703 population of low—intermediate 
risk prostate cancer and a median follow-up of 41 months, 
the median PSA decrease was 73%. Interestingly, a decrease 
of PSA superior at nadir to 90% was associated with a lower 
probability of any retreatment (including a second HIFU) 
compared to a reduction of 20% of the PSA value. The per- 
centage of PSA decrease was an independent factor for pre- 
diction of additional treatment at multivariable analysis. A 
steep in the trend was observed around an 80% reduction 
where probability of retreatment dropped to 0%. Albeit this 
comforts PSA as a biomarker for response to focal HIFU, 
association of PSA with mpMRI in follow up needs to be 
considered in the follow up, especially for monitoring of the 
ablated and remaining tissue. 


Post-HIFU Imaging 


Advances in imaging, in particular the multiparametric MRI 
of the prostate, have allowed more accurate identification of 
individual lesions within the prostate. It has also developed 
as a tool for post-HIFU surveillance. The main aim is to 
detect residual or residual or recurrent disease within the 
ablated tissue or in the untreated prostate gland. 

MRI performed 1-2 weeks after HIFU therapy has been 
shown to exhibit enhancement at the periphery of the cavity 
due to the early inflammatory response to treatment. Further, 
MRI of the prostate 12 months post-HIFU would allow 
assessment of the treatment coverage, as well as identifying 
viable malignant tissue. Since there is no consensus on bio- 
chemical failure after focal therapy, and due to residual 
secretion of PSA from benign tissue, PSA levels may not 
clearly indicate residual, recurrent or new tumour growth. 
Hence, mpMRI plays a vital role in detecting tumours and 
guiding targeted post-HIFU prostate biopsies. Evaluating 
local recurrence after treatment with focal therapy is essen- 
tial to planning second-line treatment. 
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Studies have shown that mpMRI is accurate in detecting 
local recurrences after whole-gland treatment with HIFU. MRI 
combining t2-weighted and DCE images is used to guide post- 
HIFU biopsies to areas containing recurrent tumour, increas- 
ing the probability of positive biopsies as compared to routine 
biopsies post-HIFU therapy [62, 63]. Little data is available on 
the appearances of the prostate after focal therapy, especially 
HIFU treatment. There is atrophy of the tissue in the ablated 
area, creating a cavity. Recurrences normally occur at the 
periphery of the treated zone. Pretreatment mpMRI is useful 
as a reference in these cases [64—66]. 

Dickinson et al. collated data from three prospective eth- 
ics reviewed board approved studies about focal HIFU to 
assess and compare the diagnostic performances of PSA and 
MRI for recurrence [67]. In 111 treated patients, the refer- 
ence standard was biopsy. The negative predictive value of 
MRI reached 98% for significant prostate cancer defined as 
more than 3 mm on a single core or any Gleason pattern 4. 
Late (6 months) MRI performed better than early post-treat- 
ment MRI (<3 weeks). The area under curves were 0.65 for 
PSA at 6 months and 0.78 for MRI at 6 months. In addition 
to offering a target for biopsy, if positive, MRI strongly pre- 
dicted negative biopsy in the follow-up environment when 
PSA parameters were less reliable. 


Salvage Treatment Post-Primary Focal HIFU 


While focal HIFU is delivered as a standalone primary treat- 
ment for prostate cancer, transition to radical whole-gland 
treatment has to be considered as a salvage option. With 
growing number of cases performed with focal HIFU, a 
number of series have been published reporting retrospec- 
tively both functional and oncological outcomes of radical 
prostatectomy. Stabile et al. describe a 13% rate of conver- 
sion to whole-gland treatment at 5 years [61]. Thompson 
et al. studied the histology of 35 radical prostatectomy speci- 
men selected from a salvage population post-HIFU in a 
single-centre setting [68]. As expected, the indication for 
salvage treatment was for both in-field and out-of-field recur- 
rences. The adverse pathological features correspond with 
criteria for which an additional focal therapy treatment 
would not have been an option. Marconi et al. reported a 
multicentre series of 82 men [69]. Patient with infield recur- 
rence seemed to have worse oncological outcomes, suggest- 
ing a more aggressive phenotype of disease than de novo 
out-of-field disease. 

The highest level of evidence to date comes from a pro- 
pensity match analysis conducted by Nunes-Silva et al. [70]. 
They used a matched 1:2 method to pair 44 primary robotic- 
assisted radical prostatectomy with 22 salvage post-focal 
therapy patients. Matching was based on age, IPSS and ITEF- 
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5. No difference was observed for post-operative urinary 
continence in the two groups (73% vs 76.5% at 2 years, 
p =0.8). While some difference was seen in terms of potency, 
the matching analysis did not take into account the potential 
nerve sparing strategy to be applied in the two groups. 
Complication rates were comparable between the two 
groups. 

Those initial reports suggest the feasibility and safety pro- 
file of salvage prostatectomy after focal HIFU. This is of 
importance in the relatively low proportion of patients who 
need to transition to radical treatment. 


Tips and Tricks 
Dose Escalation Strategy for Focal HIFU 


The addition of a treatment blocks where two would have 
covered the targeted area increases the total dose of energy 
received by the cancer. Beyond extending the anterior mar- 
gin, that also permits to compensate for the swelling of the 
prostate inherent to the treatment in a more dynamic fashion. 
One publication reports a significant reduced rate of recur- 
rence of cancer from 31% to 6% when this technique is used 
[71]. No additional toxicity is reported. 


Thick Fat Layer Between the Prostate 
and the Rectum 


Some patients present a significant thickness between the 
rectal wall and the prostate. More than increasing the travel- 
ling distance of the ultrasound waves, the effect of fat is to 
reduce the penetration by absorbing some energy. The 
increase in temperature is notable during treatment with 
changes visible in ultrasound within the fat. The operator 
should aim to compress this layer at time of probe position- 
ing and pause more regularly the treatment in case of visual- 
ization of some effect in this layer. 


Gland Size 


The size and in particular the height of the prostate gland 
should be taken into account when planning treatment. It 
may be difficult for the ultrasound waves to reach part, or all, 
of the anterior gland. Previously, TURP was performed when 
planning whole-gland HIFU procedures, to debulk and 
obtain better access to the anterior gland, as well as reducing 
the risk of postoperative urinary retention. In cases of focal 
HIFU, preoperative treatment with 5-alpha reductase inhibi- 
tors may be used to reduce gland size. 
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Calcification 


Calcification within the prostate leads to reverberation as well as 
shielding of the targeted prostate tissue from part of the ultra- 
sound pulse, resulting in an inadequate heating of the tissue. 
Intra-prostatic calcification may be removed via TURP, but this 
would add significant length and morbidity to the procedure. 


Patient Movement 


Patient movement intraoperatively may lead areas of viable 
malignant tissue to remain after treatment. Precise planning 
and placement of the small HIFU pulses are necessary for 
the entire tumour to be successfully ablated. Hence, it is not 
advisable to perform this treatment under spinal/regional 
anaesthesia, and adequate muscle relaxation during general 
anaesthesia is essential. 


Heat Sink Effect 


The heat sink effect refers to an area of prostate tissue that 
overheats, preventing adequate transmission of ultrasound 
waves to the targeted area. This normally occurs if the time 
between the HIFU pulses is not adequate enough to allow 
tissue cooling. It may also occur if an area has high water 
content, such as a cyst. This effect can also occur in highly 
vascularized tissue, which is more resistant to thermal abla- 
tion due to the heat sink effect of the blood supply. Prostate 
tissue is as such. This cavitation phenomenon due to steam 
formation (gas micro-bubbles) and tissue disruption is diffi- 
cult to control intraoperatively [3, 72]. 


Swelling of the Prostate 


Swelling of the prostate occurs during the treatment, which 
requires careful monitoring, and possible readjustment of 
treatment blocks may be necessary. Should the focal pulse 
points fall outside the contour of the prostate on the ultra- 
sound images, treatment must be paused and treatment plan- 
ning must be adjusted. 


Complications 
Rectal Wall Injury and Rectal Fistulae 


Injury to the rectal wall during HIFU occurs due to overheat- 
ing. This is prevented by rectal wall monitoring intraopera- 
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Fig. 13.6 T1-weighted images of recto-urethral fistula, catheter in situ 


tively, by the device, as well as by circulating cool, degassed 
water around the transducer. Rectal fistulae rarely occur in 
the primary setting; however, HIFU in the salvage setting has 
been reported to result in 3—6% of recto-urethral fistulae 
(RUF) [46, 47]. The rate is even higher in those patients 
receiving salvage HIFU after a combination of ERBT and 
brachytherapy. Ahmed et al.’s group reported that 3 out of 5 
such patients developed an RUF, 5-8 months post-salvage 
HIFU [73] (Fig. 13.6). 

Symptoms of RUF include pneumaturia, voiding of urine 
rectally, feculant urine, recurrent urinary tract infection and 
suprapubic pain. RUF can be managed conservatively by 
insertion of suprapubic catheter and diverting the urine away 
from the fistula. Alternatively, if the RUF persists, a defunc- 
tioning colostomy and open surgical repair must be 
performed. 


Future Perspectives 


HIFU clearly has a significant role to play in the manage- 
ment of localized prostate cancer as well as a feasible option 
in cases of radiation failure. The current most common appli- 
cation of HIFU is focal therapy. Medium-term -5-year out- 
comes in multicentre settings are currently available with 
success rate in the same range as whole-gland treatment in 
some well-selected patients harboring intermediate risk dis- 
ease. Salvage treatment seems to be feasible post-HIFU with 
low risk of complications and reasonable toxicity. While 
long-term 10-year results are awaited, the widespread use of 
imaging with mpMRI and targeted biopsy would favour the 
use of focal HIFU for men willing to trade this long-term 
uncertainty with a low side-effect profile treatment of their 
cancer. 
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Introduction 


Prostate cancer remains the most common cancer among 
men, affecting an estimated 248,530 men and causing 34,130 
deaths in 2021 in the USA [1]. Despite improvements in 
active surveillance protocols and improvements in prostate 
cancer treatments, prostate cancer patients are subjected to 
frequent morbidity when undergoing whole gland prostate 
cancer treatment [2, 3]. While the age of robotic surgery did 
lead to improvements in incontinence and erectile dysfunc- 
tion rates, these complications remain [4, 5]. Shortcomings 
of surgical treatment have led physicians and patients alike 
to seek out alternative modes of prostate cancer therapy with 
the hopes of less surgical morbidity. Many of these attempts 
have taken the form of focal prostate cancer therapies and, 
notable among them, focal laser ablation. 

The first documented case of prostate cancer laser focal 
therapy was performed in 1993 [6]; however, whole gland 
laser ablation of prostate tissue was first reported as early as 
1982 [7, 8]. Early attempts at focal therapy were often depen- 
dent on estimations of tumor location based on pretreatment 
biopsies or ultrasound/CT localizations [6], limiting the 
accuracy of tumor destruction. Poor image guidance coupled 
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with concerns regarding the multifocality of prostate cancer 
limited the adoption of these treatments [9, 10]. With the 
invention and popularization of multiparametric magnetic 
resonance imaging (mpMRI), tumor identification with 
imaging became feasible [10-12]. As the technology evolved, 
software that co-registers and fuses the mpMRI and ultra- 
sound (US) allowed for real-time targeting of mpMRI- 
identifiable lesions for biopsy or treatment [13]. However, 
mpMRI has demonstrated an inability to detect some tumors, 
particularly those of lower volume and Gleason score [10]. 

With the advances in tumor detection and increased inter- 
est in focal therapies, multiple modalities have been devel- 
oped including focal laser ablation (FLA), photodynamic 
therapy (PDT), high-intensity focused ultrasound (HIFU), 
focal cryotherapy, and irreversible electroporation (IRE) 
[14]. Each of these modalities has some inherent benefits and 
shortcomings. In this chapter we will focus on FLA for the 
treatment of localized prostate cancer. 


What Is Focal Laser Ablation? 


Focal laser ablation, also known as laser interstitial thermal 
therapy (LITT), is performed by placing a laser, typically a 
980-nm diode laser, directly into a prostatic lesion through a 
rectal or perineal approach (Fig. 14.1). Intraoperative guid- 
ance is provided through transrectal ultrasound (TRUS), typ- 
ically with mpMRI fusion, or real-time mpMRI at the time 
of tissue targeting and ablation [12, 15-18]. Once the laser 
is positioned in the desired location, it is activated and intro- 
duces infrared light into the target lesion. The energy emitted 
at the laser tip leads to heating of the target tissue and sub- 
sequent thermal necrosis [19]. Unlike other focal therapies 
for prostate cancer, FLA advantages include the ability to 
treat any region of the prostate (even those distant from the 
rectum), perineal or transrectal approaches, possible office- 
based treatment, and a sharp demarcation between tissue 
ablative zone and unaffected tissue [14] (Fig. 14.2) [19]. 
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Fig. 14.1 Representative 
multiparametric magnetic 
resonance imaging (mpMRI) 
of a prostate cancer lesion. A 
66-year-old male with serum 
PSA of 3.39 ng/ml. Axial 
T2W mpMRI shows a 
hypointense lesion (arrow) in 
the right apical peripheral 
zone (a), which shows 
restricted diffusion on b2000 
DW mpMRI (b) and ADC 
map (c) and hypervascularity 
on dynamic contrast- 
enhanced (DCE) mpMRI (d). 
Coronal (e) and sagittal (f) 
T2W MR images confirm that 
this right apical peripheral 
zone lesion is confined to the 
prostate gland 


Cancer 


MRI Detection of Prostate Cancer 


While conceptually straightforward, FLA does have some 
unique challenges. First and foremost, among these chal- 
lenges is tumor identification on imaging. Lesions on mpMRI 
are characterized by the Prostate Imaging-Reporting and 
Data System PI-RADS v2 (2015) grading system (https:// 
www.acr.org/-/media/ACR/Files/RADS/Pi-RADS/ 
PIRADS-V2.pdf) [20, 21]. The PI-RADS v2 system gives a 
score of 1—5 to lesions within the prostate, with a score of 1 
representing grossly normal tissue and 5 suggesting a high 
likelihood of prostate cancer. The peripheral and transitional 
zones of the prostate have distinct appearances, and mpMRI 
characterizes cancer in each zone differently. Peripheral 
zone tumors are characterized by marked hypointensity on 
ADC and marked hyperintensity on high b-value diffusion- 
weighted imaging (DWI). Transitional zone lesions are char- 
acterized by hypointensity on T2 and hyperintensity of 
DWI. A representative peripheral zone tumor is shown in 
Fig. 14.1, and the PI-RADS v2 scoring system is shown in 
the table below (Table 14.1). 


PSVF (DF) 
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Diffusing 
laser fiber 


MRI Shortcomings 


Despite the importance of mpMRI in contemporary prostate 
cancer diagnosis and treatment, there remain significant lim- 
itations of prostate mpMRI in the detection of prostate can- 
cer. An understanding of these limitations is essential to 
effectively use and counsel for focal therapy. In one series 
from 2014, mpMRI was found to have a sensitivity of only 
72% for Gleason >7 tumors when mpMRI was performed 
prior to all radical prostatectomies [10]. Detection was 
improved for tumors of any grade larger than 1 cm (72%) 
and for the index lesions (80%) [10]. In a similar study, 
Borofsky et al. demonstrated that only 84% of clinically sig- 
nificant disease identified on whole mount histology could 
be correlated with mpMRI findings. Of the lesions missed on 
mpMRI, 31% represented Gleason >8 disease [22]. De 
Visschere et al. reported that prostate mpMRI has an 88% 
sensitivity for detection of clinically significant prostate 
cancer [23]. Additionally, Filson et al. demonstrated system- 
atic 12-core templated biopsy performed on patients with no 
detectable mpMRI lesions resulted in detection of clinically 
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Illustration of focal laser ablation of prostate cancer. (From Colin et al. [ 


] with permission CC by 3.0) 


PI-RADS v2 (Prostate Imaging-Reporting and Data System) scoring system table 


PI-RADS Peripheral zone findings Transitional zone findings 
score DWI DCE T2 DWI 
1 Normal - Normal Normal 
2 Indistinct hyperintensity  — Circumscribed hypointensity or = 
encapsulated BPH nodule 
3 Mild hyperintensity If lesion is also Heterogenous nodule with irregular If marked hyperintensity on DWI and 
detectable on DCE margins >1.5 cm or extraprostatic extension 
lesions scored as IV seen score increases to IV 
4 Marked hyperintensity - Moderately hypointense, non- -= 
<1.5cm circumscribed lesion <1.5 cm 
5 Marked hyperintensity = Moderately hypointense, non- - 
>1.5 cm or extraprostatic circumscribed lesion >1.5 cm or 
extension extraprostatic extension 


DCE dynamic contrast-enhanced, DWI diffusion-weighted imaging, BPH benign prostatic hyperplasia 


significant cancer (Gleason score of >7) in 16% of patients 
without any lesions [24]. Collectively, these data demon- 
strate that mpMRI is generally capable of identifying larger 
lesions of higher Gleason score, but the high possibility of 
missing clinically significant cancer elsewhere in the pros- 
tate remains if systematic biopsy is omitted in favor of tar- 
geted biopsy alone. 

In addition to mpMRI’s inability to detect all prostate 
tumors, it has been known to underestimate the size of some 
prostate lesions. Comparisons of whole mount histopathol- 
ogy with mpMRI findings demonstrated that only 79% of 


tumors are correctly estimated in size prospectively. Among 
the lesions underestimated in size by mpMRI, 8% of patients 
had their tumor underestimated by at least 30% [22]. Further 
evaluation of this phenomenon demonstrates tumor size 
underestimation is more commonly seen in ADC than 
T2-weighted imaging and occurs more commonly with 
Gleason score >7 tumors [25]. Given this understanding the 
majority of focal therapy practitioners plan ablations with a 
safety margin of 0.9-1.5 cm depending on the clinical sce- 
nario, imaging findings, biopsy findings, and proximity to 
critical structures [22, 26]. 
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MRI-Targeted Biopsy of the Prostate 


Prior to initiating image-guided FLA, a lesion seen on 
imaging must be confirmed to represent cancer with an 
mpMRlI-targeted biopsy. Contemporary mpMRI-targeted 
biopsies are performed typically in an outpatient setting 
with the use of mpMRI-TRUS fusion software. mpMRI- 
TRUS fusion software overlays the mpMRI images over 
the TRUS ultrasound providing information regarding the 
location of the lesion identified and marked on the mpMRI 
preoperatively. Currently, there are several TRUS-MRI 
fusion platforms with UroNav (Philips, Gainesville, FL, 
USA) and Artemis (Eigen, Grass Valley, CA, USA) repre- 
senting the most commonly used platforms in the United 
States. The lesion identified on mpMRI must then be con- 
firmed to be positive for prostate cancer. Given the multifo- 
cality of prostate cancer, careful attention should be paid to 
the location of potentially mpMRI-invisible lesions, as tar- 
geting these mpMRI-invisible lesions for ablation with 
FLA will be challenging and likely lack precision [10, 27]. 
Occasionally, lesions undetected by mpMRI can be detected 
as hypoechoic regions on TRUS ultrasound. The locations 
of lesions identifiable on ultrasound should also be care- 
fully annotated and mapped as this may guide future treat- 
ment and some mpMRI-invisible lesions are detectable on 
ultrasound alone [28]. Treatment with solely ultrasound 
guidance, however, is poorly studied and beyond the scope 
of this book chapter. 

While there have been studies comparing clinical superi- 
ority of mpMRI-targeted biopsies compared to standard 
TRUS biopsies, the majority of this literature only examines 
detection of the highest Gleason grade tumor [13]. As a 
result, though mpMRI-targeted biopsies demonstrate superi- 
ority at detecting the highest Gleason grade cancer within the 
prostate, the current data demonstrates often secondary clini- 
cally significant lesions can be missed by mpMRI-targeted 
biopsy alone [10]. In addition, omitting systematic biopsies 
risks missing approximately 5.6-8.8% of grade group 3 or 
higher cancers [29, 30]. Based on these data, we recommend 
systematic biopsy be performed in addition to targeted 
biopsy if focal therapy will be considered as a treatment 
option. 


How to Perform Prostate FLA 


Once a lesion seen on mpMRI has been biopsied and con- 
firmed histologically to represent clinically significant can- 
cer, planning for focal ablation can be started. Targeting is 
paramount for effective focal therapy for prostate cancer. 
While early studies were performed within the mpMRI gan- 
try, this technique can be cumbersome and financially bur- 
densome. Visualase (Medtronic, Minneapolis, USA), Virtual 
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Navigator (Esaote), Real-Time Virtual Sonography (Hitachi), 
DynaTRIM (Invivo Corporation, a Philips Healthcare 
Company, Gainesville, Florida), and Harmonus (Lowell, 
USA) provide software and hardware platforms that allow 
for TRUS-MRI fusion for real-time targeting. Some systems 
also allow recording of ablative fields for planning and com- 
plete tumor targeting through repeated treatments without 
the need for real-time mpMRI guidance. Prior to initiation of 
ablation, the TRUS ultrasound probe is placed into the rec- 
tum, and a sweep of the prostate is performed to initiate 
TRUS-MRI co-registration much like performed during 
TRUS-MRI fusion biopsy. Co-registration of the prostate 
contour on ultrasound with the mpMRI is essential for accu- 
rate targeting and represents one of the most critical steps to 
effective FLA treatment. Great care should be taken to ensure 
effective co-registration is obtained by modifying the 
computer-generated prostate contour seen on the mpMRI 
overlay to precisely align with the contour detected in real 
time by the TRUS ultrasound. Once co-registration is com- 
plete, an image of the mpMRI with the preoperatively 
marked target lesion can be seen overlaying the real-time 
ultrasound allowing for targeting of the prostate lesions. 
Mechanism for marking lesions on the MRI for targeting is 
manufacturer specific and directed by manufacturer-directed 
instructions. 

Computer software is then used to guide placement of a 
trocar through the perineum or rectum to the tumor focus. 
Often a perineal grid is used as a guide, and the imaging 
software assists the surgeon in selecting the appropriate grid 
location for trocar insertion (Fig. 14.3). The software selects 
an appropriate grid quadrant guidance hole for canula/trocar 
placement, and ultimately laser placement based on the 
lesion location seen on the mpMRI-TRUS fusion image. The 
software then typically calculates the distance from the peri- 
neal grid to the target lesion to facilitate depth of trocar 
advancement to reach the target lesion. Using real-time ultra- 


Fig. 14.3 Transperineal mapping grid (https://www.invivocorp.com/ 
solutions/prostate-solutions/uronav/). (Image courtesy of Invivo, 
Gainesville, Florida) 
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sound, the depth of the trocar placement can be assessed 
simultaneously. Typically, the practitioner makes a small 
perineal stab incision and advances a 12/14-gauge canula 
and obturator intentionally beyond the tumor by approxi- 
mately 1 cm. The flexibility of the laser makes advancing the 
fiber through prostate tissue challenging, so the stiffer obtu- 
rator is used to overshoot the tumor. Once the sheath is 
placed past the target position, the obturator is replaced with 
a 1.6/1.9-mm-diameter coaxially cooled laser fiber applica- 
tor with a 400—600-um fiber contained within. The canula is 
then withdrawn to expose the laser tip, and then the canula 
and laser tip are withdrawn about 1 cm, as a unit, into posi- 
tion for ablation. Alternatively, non-cooled laser fibers can 
be used as well. If a cooled system is used, air bubbles within 
the cooling laser applicator should be removed prior to place- 
ment to prevent ultrasound image disruption. Once an appro- 
priate location is confirmed, the sheath overlying the laser 
fiber is withdrawn 3 cm revealing the diffusing laser fiber tip. 
Additional temperature probes can be placed adjacent to 
critical structures to ensure temperatures of sensitive tissues 
do not exceed a safety threshold of 50 °C [18, 31, 32]. 
Alternatively, temperature probes can be placed adjacent to 
lesions to ensure treatment zones are reaching temperatures 
adequate for tissue destruction. Irreversible tissue destruc- 
tion is obtained when the tissue increases over 60 °C [33]. 

Multiple laser manufactures, including Clinical 
Laserthermia Systems (CLS, Lund, Sweden); Visualase 
(Medtronic, Minneapolis, USA); and Monteris Medical 
(Winnipeg, Canada), currently manufacture lasers designed 
for FLA. Some of these systems provide intercooled laser 
sheaths, while others have no cooling but replace the distal 
ends of the laser fiber with a glass tip to prevent laser fiber 
melting during prolonged ablation. If problems with laser tip 
fiber melting are encountered, wattage can be reduced. The 
addition of cooling sheaths leads to some heat loss, so the 
practitioner must modify ablation duration and energy based 
on the type of laser system/sheath used. Additionally, varia- 
tions of laser tips allow for broad energy diffusion which is 
capable of producing elliptical ablations as large as 28 mm x 
18 mm! to spheres of 12 mm? [34]. 

The laser is then activated until the desired volume of 
prostate destruction is obtained. Typically, the laser is set to 
8-15 W, and ablation times of 1—2 minutes are selected to 
obtain ablation spheres/ellipsoids of various sizes. Each 
manufacturer provides its own guidance on wattage and acti- 
vation times to obtain desired ablation volumes. Practitioners 
should pay careful attention to the type of testing done by 
each manufacturer as most testing is done in ex vivo non- 
prostate tissue nodules, leading to limitations of generaliz- 


‘Measured in ex vivo, bovine myocardium. Ablation volumes in vivo 
are expected to be smaller due to thermal loss through tissue 
perfusion. 
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ability of the manufacturer’s recommended application 
protocols. Temperature-measuring probes placed at the bor- 
ders of critical structures may signal the need for earlier ter- 
mination of energy delivery prior to the typical 2-minute 
duration. Additionally, increased echogenicity of the abla- 
tion zone can be seen on ultrasound as an indicator of tissue 
injury, though the degree of tissue damage or temperature 
change cannot be assessed with ultrasound yet. Multiple 
abutting ablations are often needed to completely ablate 
lesions of larger size. For larger tumors, precise overlay of 
ablative zones, with the help of computer software, is essen- 
tial to complete tumor ablation. 

While ablation using software-based mpMRI-TRUS 
fusion represents the likely future of FLA, FLA coupled with 
real-time mpMRI remains a viable treatment option with 
some advantages. While performing an ablation within the 
mpMRI gantry increases cost and operative durations, 
improved accuracy and the ability for real-time measurement 
of ablative temperatures within the prostate are distinct 
advantages. Proton-resonance frequency (PRF) shift MR 
thermometry can allow for real-time quantification of tem- 
perature using changes in the phase of gradient-recalled echo 
(GRE) images to estimate relative temperature changes 
(Fig. 14.4) [16, 35]. Thermometry enhances the ability to 
minimize thermal destruction to surrounding tissues and 
neurovascular structures during the ablation process. Peters 
et al. demonstrated on two in vivo canine prostate models 
that PRF shift MR thermometry correlated with temperature 
maps of histological sections and the thermal-coagulation 
margins [36]. While it is likely that most practitioners in the 
field will move away from regular use of in-gantry ablation, 
the ability to perform real-time mpMRI guidance for chal- 
lenging cases may be of great clinical value. 


Preventing Complications 


As mentioned previously, prior to ablation some authors 
have reported the placement of temperature probes adjacent 
to critical tissues (such as the rectum or neurovascular bun- 
dle) to measure temperatures at sensitive nontargeted struc- 
tures [31, 32]. If elevated temperatures are measured in 
critical areas, the energy can be interrupted and ablation 
replanned to avoid injury to healthy tissues. Alternatively, 
placing temperature probes at the boundaries of the intended 
ablative zones can allow for energy addition until target abla- 
tive temperatures are reached. Finally, some authors have 
reported the use of urethral cooling catheters to reduce the 
risk of urethral injury and subsequent urethral strictures [37]. 

Infections ranging from common urinary tract infections 
to rare urosepsis are a possibility with FLA [33]. As seen 
with TRUS compared to perineal prostate biopsy, perform- 
ing intervention out of the rectum has been associated with 
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Fig. 14.4 Real-time multiparametric magnetic resonance imaging 
(mpMRI) thermometry during focal laser ablation (FLA). MRI images 
were taken before (top left) and after (top right) in-gantry FLA. The 
tip of the trocar/laser can be visualized by the red arrow. Destruction 


significantly lower risk of infection than a transrectal 
approach [38—43]. For this reason we recommend transperi- 
neal laser placement when performing FLA, though there is 
limited clinical evidence supporting this claim in the context 
of FLA specifically. 

If ablation in the peripheral zone near the rectum is 
needed, balloon spacers or injected saline may be placed 
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mapping is seen on the bottom left, and real-time color thermometry is 
seen on the bottom right, with an associated temperature key in the top 
right of the image 


between Denonvilliers’ fascia and the anterior rectal wall, to 
displace the rectum away from the zone of ablation [44]. 
Finally, when employing mpMRI-TRUS fusion software, the 
clinician must be diligent to ensure co-registration of the 
mpMRI and TRUS ultrasound to prevent registration error. 
Such an error leads to inaccurate targeting which risks 
incomplete ablation or damage to unintended structures. 
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Advantages of FLA 


While there are multiple focal therapy platforms available, 
FLA has several distinct advantages. First, FLA requires lim- 
ited capital investment as many urologists have existing 
mpMRI fusion software. Disposables in the form of diode 
lasers, water-cooled trocars, temperature probes, and ure- 
thral cooling catheters are relatively inexpensive [16]. 
Additionally, laser fibers are nonferrous and do not distort 
electromagnetic fields, allowing for them to be used in- 
gantry for real-time MRI imaging and targeting [45]. Heat 
distribution from FLA has been argued to be more homoge- 
nous than competing modalities which translate into more 
predictable target zone ablations and 1-2 mm ablation to 
unaffected tissue margins [19]. 

Additionally, other modalities such as HIFU have limita- 
tions on the depth of energy penetration into the tissues limit- 
ing treatment depth to approximately 4 cm [46]. This 
limitation can make targeting anterior or apical lesions chal- 
lenging for HIFU but straightforward for FLA. Finally, 
severe complications such as rectourethral fistula are essen- 
tially unseen using transperineal FLA as opposed to tran- 
srectal energy delivery devices [47]. 


Clinical Trials Using Focal Laser Ablation 
of Prostate Cancer 


To date, almost all published studies involving LITT have 
been small nonrandomized phase 1 or phase II prospective 
cohort studies with short-term follow-up. To date, six com- 
pleted trials have been published with sample sizes of 9-146 
[15, 31, 37, 48-51]. The largest reported series of 146 
patients demonstrated a 20% rate of clinically significant 
cancer recurrence within the ablation field (in-field recur- 
rence), likely due to incomplete ablation or sampling error 
preoperatively [51,52]. Other smaller series have found sim- 
ilar recurrence rates. Collectively, these early trials demon- 
strate in-field recurrences ranging from 14% to 33% (see 
Table 14.1). However, all these trials have treated exclusively 
Gleason 6 and 7 diseases, and follow-up has been limited to 
6-34 months. While this risk of recurrence seems high, it is 
lower than reported in some HIFU (50%) and photodynamic 
therapy (25%) series [53, 54]. 

In addition to in-field recurrences, out-of-field recur- 
rences are a common problem with focal therapies due to the 
known multifocality of prostate cancer [10]. Among FLA 
series, out-of-field recurrences range from 7% to 40% 
(Table 14.2) and most likely represent incomplete prostate 
sampling at the time of preoperative biopsy. Similar ranges 
of out-of-field recurrences are seen among the various focal 
prostate cancer ablative modalities [27, 53-60] (Table 14.3). 
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Complications of FLA 


The complications of FLA are generally minor. The most 
commonly reported complications are transient including 
hematuria and urinary retention (Table 14.4). Reports of per- 
sistent incontinence or impaired erectile function after 6—12- 
month follow-up are rare, though mild declines in Sexual 
Health Inventory for Men (SHIM) scores can be detected in 
some patients [31, 37, 48]. Avoiding transrectal laser place- 
ment may assist in reducing the infection risk and reduce the 
risk of rectourethral fistula. If ablation in the peripheral zone 
near the rectum is needed, balloon spacers or saline boluses 
may be placed between Denonvilliers’ fascia and the anterior 
rectal wall, to displace the rectum away from the zone of 
ablation [44]. Based on our clinical experience, avoiding 
ablation of the urethra when possible and placement of a ure- 
thral cooling catheter likely assist in preventing hematuria, 
urethral stricture, or continence issues. 


Follow-Up after FLA 


Consensus regarding the follow-up for oncologic control 
after focal therapy has not been reached, and significant vari- 
ability among urologic practice patterns remains. Most cen- 
ters perform PSAs within 3 months of initial treatment and 
continue PSA checks at 6 and 12 months. PSA checks are 
performed at least annually thereafter. Some studies have 
reported PSA declines of 80% [61], while others note a mod- 
est PSA decline of 0.6-0.7 ng/ml by 12 months of follow-up 
[37]. Transient dramatic increases in PSA within the first 
month of treatment can be seen commonly [37]. 

MRI following focal therapy is also common among mul- 
tiple institutions. mpMRI performed immediately after FLA 
demonstrates a hypovascular defect. At 3—12 months, lesions 
demonstrate decreased T2 signal or scarring. Recurrent 
tumors are characterized by hypointensity on ADC/T2 and 
marked hyperintensity on high b-value DWI in the peripheral 
zone [62]. Transitional zone lesions are characterized by 
hypointensity on T2 and hyperintensity of DWI. Enhancement 
on dynamic contrast-enhanced (DCE) is also suspicious for 
residual disease [62]. 

Postoperative biopsies have been performed in most 
FLA series at 6-12 months. Standardization of follow-up 
has not been seen in the literature. Some authors have per- 
formed biopsy after focal therapy only when there is a 
PSA elevation or abnormal finding on postoperative 
mpMRI, while others have favored universal posttreatment 
biopsies at 6-12 months [53, 56, 58]. We recommend post- 
treatment biopsies be performed in all patients until fur- 
ther clinical data is available to provide evidence against 
its necessity. 
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Table 14.4 Commonly reported complication following focal laser ablation (FLA) for prostate cancer 


Urinary tract No pad Fistula Urinary 

Participants infection continence (6m) Erectile rate retention Hematuria 
Study Design (n) (%) (%) dysfunction (%)  (%) (%) (%) 
Eggener et al. Prospective 27 - - 0 - 8 15 
(2016) [37] cohort 
Natarajan et al. Prospective 10 - 100 0 - - - 
((2016) [31] cohort 
Lindner et al. Prospective 12 = = 0 0 0 Wi 
(2009) [48] cohort 
Feller et al. (2018) Prospective 98 - = 0 = 0 — 
BAF cohort 
Oto et al. (2013) Prospective 9 = = ile = 0 = 
[15]}* cohort 
Chao et al. (2018) Prospective 34 - 100 0 - 0 - 
[49] cohort 
Walser et al. Prospective 120 4 100 8 2 4 8 
(2019) [50] cohort 


Unavailable data are represented by a dash (—) 
“Defined by a decline in SHIM of >5 points 


Conclusion 


Focal therapy is an evolving treatment paradigm that still 
requires further investigation. The application of focal treat- 
ment for prostate cancer faces many challenges including 
defining criteria for patient selection, identifying precise 
tumor localizations, accurately guiding ablative energy in 
the treatment zone, and questions of oncologic efficacy [19]. 
Despite these challenges, preliminary phase | and phase 2 
studies have shown that FLA is feasible with good short-term 
safety and moderate efficacy. Current uncertainties regard- 
ing long-term oncologic control will have to be answered as 
FLA moves out of its infancy and into larger clinical studies. 
The success of focal therapy revolves around the ability to 
accurately locate tumors and the precision of ablation zones. 
Further advancements in using mpMRI/US co-registration 
platforms will likely lead to improvement in ease of use and 
allow for improved ablative zone planning. While it remains 
in its early days, enthusiasm abounds for FLA as a minimally 
invasive modality to treat localized prostate cancer in well- 
selected patients. It is possible that mpMRI-guided FLA will 
be more broadly adopted in the future as a powerful tool for 
urologists to treat prostate cancer. 
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Introduction 


The use of cold temperature for cellular destruction and tar- 
geting cancer foci with lethal ice are core principles of cryo- 
surgery. Integration of modern imaging technologies with 
minimally invasive cryoablation platforms remains the key 
element of prostate cancer cryosurgery in the current era. 
James Arnott was the first to demonstrate the biologic 
effects of cold temperature (—24 °C) by mixing a saline solu- 
tion with crushed ice in the mid-1800s [1]. A comprehensive 
review of the history of cryotherapy during the past two cen- 
turies is beyond the scope of this chapter; however, some 
important milestones in the development of this modality 
deserve mention. While multiple cryogenic agents were 
examined for different medical treatments including tissue 
ablation during the nineteenth century, the use of liquefied 
gas in the early 1900s significantly expanded the applications 
of this modality [1-3]. Pressurized liquid gases were shown 
to promote lower temperatures with the effect of extensive 
tissue destruction. With the introduction of advanced liquid 
nitrogen cryoprobes in 1961 [3], effective and controlled deep 
tissue cryoablation was possible. However, due to significant 
morbidity and complications, prostate cryotherapy was aban- 
doned until the 1980s when major technical advances allowed 
amore controlled procedure with less morbidity: (1) transrec- 
tal ultrasound (TRUS) real-time imaging of the prostate for 
cryoprobe placement and monitoring the ablation zone(s), (2) 
newly designed miniature cryoprobes for precise targeting, 
(3) the utilization of a protective urethral warming catheter to 
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maintain the urethral temperature above freezing, and (4) 
placement of thermocouple probes allowing real-time tem- 
perature monitoring of surrounding vital structures. 
Advances in training and safety measures have increased 
the clinical adoption of prostate cryotherapy. In fact, the appli- 
cation of prostate cryotherapy has increased by more than 
1000-fold between 1997 and 2007 [4]. Kongnyuy et al. sur- 
veyed the current beliefs and practice patterns of urologists 
regarding prostate cryoablation. Most survey respondents who 
incorporated cryoablation into their practice did so after being 
>10 years in practice, and interestingly, this modality was used 
in both primary (>72%) and salvage (>83%) settings, and for 
both whole (77.6%) and partial (80.3%) gland templates [5]. 


Pathophysiology of Cellular Destruction 
After Cryotherapy 


1. Direct cell injury: Extracellular ice formation within the 
tissue matrix results in severe hyperosmolarity of the 
extracellular space, diffusion of water from the cell to the 
extracellular space that ultimately results in intracellular 
dehydration, cell membrane damage, and defects in enzy- 
matic mechanisms and protein synthesis [6]. When cells 
are exposed to lethal temperatures (below —40 °C), rapid 
freezing at very low temperatures results in intracellular 
ice formation with direct cell membrane disruption and 
cellular necrosis [2, 7]. Interestingly, after rapid freezing, 
gradual thawing further enhances tissue necrosis. 
Following melting of extracellular ice crystals, the hypo- 
tonic extracellular environment leads to accumulation of 
water in the cells, edema, and membrane damage. Passive 
thawing is efficient in cell destruction as it allows free 
movement of water across cell membranes [2, 7]. 
Understandably, cryogenic cell damage is a time- and 
temperature-dependent process. While irreversible cell 
damage occurs at temperature below —40 °C (e.g., the 
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necrotic zone), potentially reversible injury can be seen 
beyond the edge of the lethal zone (the apoptotic zone) 
[8]. Figure 15.1 demonstrates the lethal and sublethal 
zones with their microstructural changes. As clinical 
practice, two freeze-thaw cycles are the standard of care 
for effective prostate cryotherapy. With this practice, a tis- 
sue temperature as warm as —20 °C can be adequate for 
cell necrosis [8]. The —40 °C and —20 °C isotherms are 
approximately 1 cm and 4—5 mm inside the leading edge 
of the ice ball, respectively (see Fig. 15.la). Therefore, 
from a practical standpoint, the ice ball needs to progress 
at least 4-5 mm beyond the tumor foci to have a lethal 
effect [7, 8]. 

2. Ischemia and coagulative necrosis: Microvasculature 
endothelial damage and sloughing lead to thrombosis and 
its associated tissue hypoperfusion and ischemia. During 
the thawing phase, reperfusion injury mediated by free 
radicals augments the process of enzymatic degradation 
and cell necrosis [9]. 

3. Programmed cell death: Several hours after the comple- 
tion of cryotherapy, the process of apoptosis peaks within 


10 mm x 
a <l 
Lethal zone Sublet 


Fig. 15.1 (a) Lethal and sublethal zones during cryotherapy. At tem- 
peratures between 0 °C and —20 °C, extracellular ice forms leading to 
fluid shifts and cellular dehydration. As temperatures continue to cool, 
intracellular ice forms and is a major mechanism of cryoinjury. At tem- 
peratures between —20 °C and —40 °C, intracellular ice formation pro- 
gresses leading to disruption of the cell and interruption of all metabolic 
processes. The —40 °C and — 20 °C isotherms are approximately 1 cm 
and 4-5 mm inside the leading edge of the ice ball, respectively. (b) 
Demonstrates two ice balls beginning to overlap. As each ice ball prop- 
agates and expands, the isotherms begin to overlap and coalesce, form- 
ing a front of lethal ice 


A. Aminsharifi and T. J. Polascik 


the sublethal zone (usually —10 to < —40 °C). This pro- 
cess is very important to expand the tissue necrosis zone 
(< —40 °C) beyond the direct lethal effect of cryotherapy 
itself [9, 10]. 

4. Immunology of cryotherapy: In recent years, it has been 
shown that the antigen release during and following cel- 
lular destruction can elicit an immune reaction to tumor 
cells. When tumor antigens are processed by dendritic 
cells and presented to cytotoxic T cells, cytotoxic 
immune-stimulatory pathways may be elicited. 
Experimental models have demonstrated that cryotherapy 
can enhance tumor immunogenicity and cytotoxic T cell 
infiltration [11, 12]. This may impact immune-mediated 
resolution of residual local or metastatic disease (absco- 
pal effect) [11, 12]. 


Surgical Procedure 


Prostate cryoablation is usually performed under general or 
spinal anesthesia. A routine preoperative anesthesiology 
evaluation including assessment of medical comorbidities as 
well as a coagulation profile should be done. After induction 
of anesthesia and administration of a single dose of intrave- 
nous antibiotics (such as a cephalosporin), the patient is 
placed in dorsal lithotomy position. The perineum, scrotum, 
and lower abdomen are prepared and draped. A urethral cath- 
eter is sterilely passed into the bladder. The scrotum is lifted 
away from the perineum either by use of an Ioban or other 
form of drape. A cryotherapy grid and TRUS probe are 
attached to a stepper to allow real-time imaging and mapping 
of the prostate. The biplanar TRUS probe is inserted into the 
rectal cavity. Figure 15.2 shows the third-generation cryoab- 
lation system and its components, including the variable 
length cryoprobe (V-probe; Endocare (Austin, TX)). 


Cryoprobe Insertion (Fig. 15.3) The procedure com- 
mences with a thorough transrectal ultrasonic evaluation of 
the prostate, urethra, and seminal vesicles in both axial and 
sagittal planes followed by prostate volume calculation and 
measurement of the length of the anterior, middle, and poste- 
rior segments of the prostate in sagittal plane (see Fig. 15.3a, 
b). All cryoprobes and thermocouples are initially positioned 
in axial view per the manufacturer’s recommendation that 
demonstrates the spacing between each probe (see 
Fig. 15.3c). The depth of each probe is placed using sagittal 
view such that usually the tip of the probe contacts the supe- 
rior prostate capsule (see Fig. 15.3d). 

When using a variable length cryoprobe, we first deter- 
mine the length of the active cryoprobe by measuring the 
length of the anterior, middle, and posterior segments of the 
prostate in sagittal plane (see Fig. 15.3b). The lengths usu- 
ally correspond to the anterior (Row 1), middle (Row 2), and 
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Fig. 15.2 (a) Third-generation cryoablation system utilizing pressur- 
ized argon and helium gas tanks (in background), with monitor and 
control shown. These systems interface with cryoprobes, thermocou- 
ples, and a urethral warming system (not shown). (b) All procedures are 
performed under transrectal ultrasound (TRUS) guidance that is 
mounted to a stepper device. The procedure is controlled and monitored 
via a console (see a) integrating real-time TRUS images as well as the 


posteriorly (Row 3) placed cryoprobes. The intended length 
of the ice ball is adjusted on the variable cryoprobes based on 
the measured length of Rows 1, 2, and 3 of the gland on sag- 
ittal plane. Each probe is then inserted into the prostate 
through the cryotherapy grid under real-time TRUS guid- 
ance, beginning with Row 1 probes, followed by Row 2 and 
then Row 3. Strategic cryoprobe arrangement in the prostate 
is the critical step during cryotherapy so as to be sure each 
area of the prostate is covered in a lethal ice isotherm. In 
addition to having the concept of adequate energy transfer to 
the cancer zone, care should also be taken to keep cryoprobes 
5-10 mm away from vital structures such as the urethra. 

Similarly, under TRUS guidance, thermocouple probes 
are placed in the Denonvilliers’ fascia as well as the external 
sphincter for real-time temperature monitoring of these vital 
structures during the procedure (see Fig. 15.3f). After all 
cryoprobes and thermocouples have been placed, cystoscopy 
is done to identify the absence of probes traversing into the 
urethra or bladder neck (see Fig. 15.3g). A urethral warming 
catheter is passed over a super-stiff guidewire, and the circu- 
lation pump is engaged. 


Cryoablation Procedure After confirming all systems and 
probe placement, two consecutive cycles of rapid freezing 
(with argon gas or liquid nitrogen) and slow thawing (with 
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temperature readings via thermocouples placed within or near the abla- 
tion zones and adjacent vital structures. (c) The latest generation of the 
Endocare cryoprobe, the Variable length probe (V-probe, Endocare, 
Austin, TX) is 2.4 mm in diameter and 15 cm in length. The V-probe is 
characterized by flexible selection of the ice ball length using a slider 
(blue button) on its shaft. Therefore, the length of the ice ball can be 
easily adjusted to the prostate or tumor length at each location 


helium gas) should be deployed. During rapid freezing, the 
ice ball is uniformly formed around each cryoprobe, and its 
progress and growth should be monitored real time under 
TRUS. Symmetric cryoprobe activation (e.g., left and right 
sides of the prostate) is ideal under usual circumstances, 
commencing from the anterior, to mid, and then to the poste- 
rior rows, allowing uniform ice ball formation. The surgeon 
should actively monitor the ice ball progression in both axial 
and sagittal planes with special attention to the rectal wall 
and urinary sphincter (Fig. 15.4a—d). The sonographic edge 
of the ice ball typically measures 0 °C and is not lethal. It is 
important to try to incorporate the posterior capsule within a 
very cold isotherm to achieve cellular death. Since the rec- 
tum is often in close proximity to the posterior capsule of the 
prostate, it is important to widen the Denonvilliers’ space 
either by decreasing the anterior pressure of the transrectal 
probe by lowering the stepper or by injecting saline to widen 
this space. 

After completing the first freeze, the thawing phase will 
allow the prostate to become echogenically visible again on 
TRUS. The second freeze-thaw cycle is then applied using 
the same principles. At the end of the procedure, the urethral 
warmer remains for an additional 15 minutes while the ther- 
mocouples and cryoprobes are removed. The urethral warmer 
is sterilely replaced with a Foley catheter (alternatively a 
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Fig. 15.3 Complete transrectal evaluation of the prostate, urethra, rec- 
tal wall, and seminal vesicles in axial (a, c) and sagittal (b, d) planes. 
Prostate volume calculation (see a, b) and measurement of the length of 
the anterior (“XX”), middle (“++”), and posterior (“00”) segments of 
the prostate in sagittal plane (see b) is the initial step before probe 
placement. The position of each cryoprobe (red circles around each 
echogenic probe) in relation to the urethra, prostate capsule, and rectum 
is first determined in axial plane (see c), and the depth of each probe in 
relation to the bladder neck is then determined in sagittal plane (see 


suprapubic tube can be used) for temporary bladder drainage 
due to acute postprocedural prostatic edema that typically 
resolves in a few days. 


Postoperative Follow-Up 


Patients are generally followed after cryotherapy with 
prostate-specific antigen (PSA) measurements every 
3 months for the first year, every 6 months for the next 
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d — red arrows point to cryoprobes of Rows 2 and 3, and the white 
arrow points to the tip of the Denonvilliers’ thermocouple). After place- 
ment of all cryoprobes, the temperature (T-) probes are placed and 
adjusted in the same fashion. Coronal view looking down on the exte- 
rior probes (e) and laterally (f) shows all white exterior casing of all 
cryoprobes are aligned and there are no “outlier” probes in terms of 
probe depth. Cystoscopy (g) needs to be performed to ensure cryo- 
probes are not penetrating the urethral lumen or the bladder neck 


2 years, and, in the case of a stable PSA, every year there- 
after. There is no standard definition for biochemical recur- 
rence (BCR) after cryotherapy. Many authors use the 
American Society for Therapeutic Radiology and Oncology 
(ASTRO) definition (three consecutive PSA rises after a 
nadir level, with the date of failure backdated to the point 
halfway between the nadir date and the first rise) and/or the 
Phoenix criteria (more than 2 ng/mL increase from the PSA 
nadir after treatment) [13, 14] although both definitions 
were specifically developed and standardized for the evalu- 
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During rapid freezing, real-time monitoring of each cryo- 
probe shows the ice edge (a-d) that eventually coalesces and expands 
into a single ice ball shown in both sagittal (see a) and axial (see b) 
planes. Red arrows point to the hyperechoic rim of the ice ball repre- 
senting 0 °C, and white arrows point to the prostatic capsule. The ice 


ation of prostate cancer radiotherapy outcomes. It has been 
shown that clinical application of the Phoenix definition is 
simpler and better predicts recurrence after prostate cryo- 
ablation [15]. Post-cryotherapy prostate biopsy is another 
meaningful endpoint that may be used to evaluate cryoabla- 
tion outcomes. Some surgeons propose a routine post-abla- 
tion biopsy 12-18 months after the procedure, whereas 
other clinicians rely on a “for-cause” biopsy strategy (i.e., 
biopsy when meeting the definition of biochemical failure) 
[13-15]. Alternatively, nadir PSA level <0.4 ng/mL after 
primary whole gland ablation has been shown to be associ- 
ated with 5-year biochemical disease-free survival (hazard 
ratio [HR] 5.64) and, therefore, can be set as a goal after 
primary whole gland ablation [16, 17]. Therefore, patients 
with a higher PSA nadir after primary whole gland ablation 
may require a closer follow-up and/or may need a follow- 
up biopsy. 
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ball is generally allowed to expand into the Denonvilliers’ space just 
shy of the anterior rectal wall (*). This margin should be well appreci- 
ated in both sagittal (see c) and axial (see d) views, and determines 
when the operator completes freezing 


Indications and Outcomes of Cryotherapy 
Primary Prostate Cryotherapy 


In general, cryotherapy candidates should be medically fit to 
undergo the procedure and anesthesia and have at least a 
10-year life expectancy to benefit from the treatment. The 
cryosurgeon will need free access to the entire length of the 
male urethra and rectum; thus, any pathology that would 
limit placement of a urethral warming catheter or biplanar 
ultrasound probe would be problematic. The median lobe, if 
present, is usually not intentionally treated with cryoabla- 
tion. Thus, some surgeons may resect the median lobe only 
(e.g. TURP) if the patient has symptomatic outlet obstruction 
several months prior to cryotherapy, or may leave it intact, in 
which case may place the patient at a greater risk of postop- 
erative urinary retention. 
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The American Urological Association Best Practice 
Statement considers cryotherapy as an option for the treat- 
ment of low-intermediate risk localized prostate cancer [18]. 
The European Association of Urology (EAU) guideline simi- 
larly considers men with low-intermediate risk disease as 
potential candidates for cryosurgery. According to EAU 
guidelines, the ideal candidate should have organ-confined 
disease with minimal extra-prostatic extension, prostate vol- 
ume <40 mL, and PSA <20 ng/mL [19]. The use of neoadju- 
vant androgen deprivation therapy (ADT) before cryotherapy 
in patients with a large prostate is a common practice. 
Downsizing the gland facilitates isotherm overlap (see 
Fig. 15.1b) during surgery and therefore optimizes the treat- 
ment by generating very cold temperatures. Moreover, the 
use of neoadjuvant ADT may reduce the risk of postproce- 
dural urinary retention at 12 months (from 1.2% to 0.8%) 
[20]. The utilization of neoadjuvant or adjuvant ADT has not 
been shown to be associated with reduced biochemical fail- 
ure in patients with high-risk disease [20-22]. Due to paucity 
of long-term clinical data on the outcome of cryotherapy, 
many centers recommend this minimally invasive technique 
as an alternative to radical surgery in patients with low- 
intermediate risk disease [18, 19]. Large defects within the 
prostatic fossa due to a previous TURP/open prostatectomy 
remain a relative contraindication and may limit the effec- 
tiveness of the protective urethral warming system and 
increase the chance of urethral slough. Any major rectal 
pathology/inflammation may also be considered a relative 
contraindication to cryotherapy in select instances due to 
potential risk of rectal injury [23]. Uncorrectable coagulopa- 
thy or active urinary tract infections remain a relative contra- 
indication to the procedure. 


Salvage Prostate Cryotherapy 


The most common indication of salvage prostate cryother- 
apy is biopsy-proven local recurrence after radiotherapy for 
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prostate cancer, as an alternative to salvage radical prosta- 
tectomy or ADT. Other less common indications include 
persistent or recurrent disease after primary ablation, such 
as following high-intensity focused ultrasound (HIFU), 
cryotherapy photodynamic therapy, or laser ablation [24]. 
Patients with primary failure initially present with biochem- 
ical failure and organ-confined disease (local recurrence). 
Patient candidacy should be confirmed by a positive prostate 
biopsy and a negative seminal vesicle biopsy, as well as a 
negative metastatic investigation. Local recurrence after pri- 
mary radiotherapy failure may be locally extensive, and the 
seminal vesicles may be commonly involved (25-62.5%) 
[25]. Therefore, a 12-core prostate biopsy with additional 
biopsies along the length of the seminal vesicle bilaterally is 
required to map where the recurrent/persistent disease is 
located. Preoperative staging with magnetic resonance 
imaging (MRI) can also be helpful for detection of seminal 
vesicle involvement. This is important for planning the abla- 
tion template as in case of seminal vesicle involvement, 
extension of the ablative zone to include seminal vesicle 
base (e.g., the part of the seminal vesicle that abuts the pros- 
tate base) may be required for maximal local control [25]. 
Disease characteristics prior to salvage cryoablation such as 
low-grade disease, low PSA level (<4 or 10 ng/mL), and low 
clinical stage (<T2) have been shown to be associated with 
a better biochemical recurrence-free survival after salvage 
ablation [26, 27]. Interestingly, achieving a lower PSA nadir 
and having a prolonged PSA doubling time (>12—16 months) 
after primary therapy can also be associated with an 
improved oncological outcome after salvage ablation [27, 
28]. Therefore, recommended selection criteria for salvage 
cryotherapy in patients with radiorecurrent prostate or abla- 
tion-recurrent cancer include life expectancy >10 years, 
biopsy-proven local disease with negative seminal vesicles, 
radiographically negative pelvic lymph node involvement 
and metastatic investigation, and PSA < 10 ng/mL at the 


Table 15.1 Oncological outcomes after primary whole gland cryotherapy 


Study Patients (no.) Definition 
Hubosky et al. [29] 89 ASTRO/PSA < 0.4 ng/mL 
DiBlasio et al. [30] 78 ASTRO 
Prepelica et al. [31] 65 ASTRO 
Cresswell et al. [32] 31 PSA < 0.5 ng/mL 
Donnelly et al. [33] 117 Phoenix 

Bahn et al. [34] 590 ASTRO 

Jones et al. [14] 1198 ASTRO 

Cohen et al. [13] 370 ASTRO/Phoenix 
Tay et al. [21]* 300 Phoenix 

Oishi et al. [35] 94 Phoenix 


time of salvage treatment with PSA-doubling time 
>6—12 months [18]. 

Biochemical recurrence-free survival (%) 

1 year 3 years 5 years 7 years 10 years 
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ASTRO American Society for Therapeutic Radiology and Oncology, PSA prostate-specific antigen 
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Oncological Outcomes After Primary 
Cryotherapy 


Table 15.1 [13, 14, 21, 29-35] provides data on the oncologi- 
cal outcomes after primary whole gland cryotherapy. It 
appears that primary whole gland cryoablation can be con- 
sidered as an alternative treatment option for organ-confined 
disease with oncological outcomes comparable to radical 
treatment at least in the intermediate term (5-10 years). 
Tumor characteristics such as the prostate cancer risk group 
(HR 6.55), PSA dynamics after whole gland cryoablation 
(PSA nadir >0.3 ng/mL HR 34.0), and time to PSA nadir 
(<3 months; HR 4.14) can be associated with 5-year BCR 
risk [36]. El-Shafei et al. constructed a pre-procedural nomo- 
gram to predict 5-year BCR after primary whole gland abla- 
tion using preoperative clinical and tumor characteristics 
such as age, race, PSA density, clinical stage, and biopsy 
Gleason score. This can be useful for both patient selection 
and counseling [37]. Cohen et al. presented perhaps the larg- 
est cohort of patients with long-term follow-up after whole 
gland primary cryotherapy. These authors retrospectively 
reviewed their 10-year oncological outcome of 370 patients 
and reported a 10-year BCR-free survival rate of 81%, 74%, 
and 46% for low-, intermediate-, and high-risk disease, 
respectively. Patients in their cohort had postprocedural PSA 
surveillance with on average two “for-cause” biopsies during 
follow-up with a 10-year negative biopsy rate of 77% [13]. 
Reporting intermediate-term oncological outcomes of 1198 
patients treated with whole gland primary cryotherapy, Jones 
et al. showed a 5-year BCR-free rate of 85-91%, 73-79%, 
and 62-75% for low-, intermediate-, and high-risk disease 
[14]. As noted previously, the application of primary cryo- 
therapy for high-risk disease is not yet standardized. 
However, several groups have evaluated the outcome of pri- 
mary cryotherapy in a high-risk group with 5-year BCR-free 
rates between 59.1% and 64%, and a 26% positive “for- 
cause” prostate biopsy [14, 21]. Recently, Oishi et al. 
reported their experience regarding primary whole gland 
cryotherapy for 94 men, 75% of whom had intermediate- 
high risk disease. The 5-year BCR-free survival was 78-80% 
with a cancer-specific survival rate of 69% for high-risk and 
84% for intermediate-risk disease. Having a PSA nadir 
<0.2 ng/mL within 6 months after ablation was an indepen- 
dent predictor of biochemical or disease progression-free 
survival [35]. 

Donnelly et al. reported the first randomized trial compar- 
ing the outcomes of primary cryotherapy versus primary 
radiotherapy for localized prostate cancer. With a median 
follow-up of 100 months, a comparable biochemical pro- 
gression rate of 24% in both groups was demonstrated. 
However, the rate of positive biopsy was significantly higher 
in the radiation group (29% versus 8%) [33]. A systematic 
review and meta-analysis of several trials with a total of 1252 
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patients comparing cryoablation versus radiotherapy or pros- 
tatectomy showed comparable outcomes in terms of overall 
and cancer-specific survival (overall survival, cryotherapy 
vs. radiotherapy RR 1.16, p = 0.40; cryotherapy vs. prosta- 
tectomy RR 1.05, p = 0.70; disease-specific survival, cryo- 
therapy vs. radiotherapy RR 1.15, p = 0.48; cryotherapy vs. 
prostatectomy RR 1.06, p = 0.44) [38]. 


Oncological Outcomes After Salvage 
Cryotherapy 


Currently, the main application of salvage prostate cryoabla- 
tion is in the setting of biopsy-proven cancer recurrence after 
radiotherapy. Table 15.2 (15, 26, 39-43) provides an over- 
view of the outcome of salvage whole gland cryoablation 
(mainly after radiation failure). With a 5- to 10-year BCR- 
free rate between 35 and 65%, the overall oncological out- 
comes after salvage whole gland cryotherapy seem 
comparable with salvage prostatectomy. When options for 
local salvage therapy following radiation failure (i.e., sal- 
vage prostatectomy versus brachytherapy versus cryotherapy 
versus HIFU) were reviewed, the efficacy of all salvage 
modalities was comparable, with an overall 5-year BCR-free 
survival rate of about 50% [44-46]. However, data are yet to 
mature on more substantial endpoints such as long-term (10- 
15 years) cancer-specific survival. 

A pooled analysis of different survival endpoints compar- 
ing primary versus salvage whole gland cryotherapy showed 
similar overall survival (73—100%) and disease-specific sur- 
vival (79-100%) at different follow-up periods. However, a 


Table 15.2 Oncological outcomes of salvage whole gland cryother- 
apy following radiation failure 


Biochemical recurrence- 
free survival (%) 


Patients 3 WT |) 
Study (no.) Definition ly yay Jyly 
Ng et al. 187 Phoenix 56 
[26] 
Siddiqui 197 Phoenix 86 74 45 —- 35 
et al. [39] 
Ismail et al. 100 ASTRO 83 59 — - - 
[40] 
Cresswell 20 PSA < 0.5 ng/ 66.7 - =- == 
et al. [32] mL 
Li et al. [41] 486 Phoenix 63.8 
Pisters et al. 279 ASTRO 59 
[42] 
Spiess et al. 132 Phoenix 87.8 - 455 - - 
[15] 
Wenske 328 Phoenix 63 35 
et al. [43] 


ASTRO American Society for Therapeutic Radiology and Oncology, 
PSA prostate-specific antigen 


234 


higher trend in BCR-free survival was shown with primary 
(44.6-100%) versus salvage (25—95.3%) cryotherapy [38]. 


Partial/Focal Primary Cryotherapy 


During focal cryoablation, only the target lesion(s) or a part 
of the gland involved with cancer is treated. The goal is to 
further reduce the morbidity of the procedure such as erectile 
dysfunction and urinary incontinence. Focal treatment of the 
index lesion, hemiablation, and subtotal ablation rely on the 
preoperative localization of cancer by mapping biopsy tem- 
plates and/or multiparametric magnetic resonance imaging 
(mpMRI) [47]. Understandably, due to the novel concept of 
focal therapy, clinical data on this modality are yet to mature. 
In the current era of downward stage migration of prostate 
cancer, tumors tend to be smaller and are more likely local- 
ized in a certain zone(s). Improved biopsy mapping tem- 
plates, image-targeted biopsy, and advanced imaging 
techniques are useful to detect the area of interest [47]. 
Therefore, the most challenging barrier to the widespread 
adoption of focal therapy is patient selection: whether dis- 
ease is truly unifocal/unilateral (e.g., localized) vs. occult 
multifocal clinically significant disease. 

The index lesion theory is one of the cornerstones of 
focal therapy. The index lesion (largest, most aggressive 
lesion) typically predicts the clinical behavior of disease 
regardless of the presence of secondary, insignificant (i.e., 
lower grade) foci. These insignificant lesions are generally 
of small size (<0.3 mL) in more than 80% of patients indi- 
cating that ablation of the index lesion may be sufficient for 
cancer control [48]. 


Patient Selection for Focal Therapy: Role 
of Modern Imaging Studies 


Even when using an extended TRUS-biopsy schema (10-12 
cores) as well as repeating the standard biopsy, the detection 
of clinically significant disease is not higher than 50% [49]. 
Using mpMRI, the accuracy of detecting significant disease 
can vary between 73 and 89%. More than 90% of lesions 
>10 mm but only 5% of lesions <5 mm can be detected. 
Therefore, mpMRI is valuable to select patients amenable 
for focal therapy [50]. There is no established age cutoff 
when considering focal therapy, although many clinicians 
believe the patient should have at least a 10-year life expec- 
tancy, similar to other forms of definitive therapy. Due to 
lower morbidity affecting potency, young patients may be 
good candidates for focal therapy. It must be recognized, 
theoretically, that these young men may have higher risk to 
develop a significant lesion in the untreated zone during 
long-term follow-up [50]. 
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There is no consensus about the surveillance protocol 
after focal cryotherapy. Although the PSA level is expected 
to decline after treating cancer foci, in contrast to whole 
gland ablation, PSA kinetics are not reliable during post- 
focal therapy follow-up and may not correlate with postpro- 
cedural biopsy results [51]. The number of positive cores 
before ablation (HR 1.4) and the PSA nadir level (HR 2.2) 
have been shown to be independent predictors of BCR after 
primary focal cryotherapy [52]. 

The application of prostate mpMRI to diagnose local 
recurrence after focal therapy can be challenging. After abla- 
tion, inflammation, edema, and interstitial hemorrhage result 
in a transient increase in prostate volume and development of 
hyperintense regions on T1 imaging with central hypoin- 
tense, ill-defined areas of necrosis on T2-weighted images. 
However, several months after ablation, depending on the 
extent of treatment, the prostate volume contracts, and 
hypointensity and loss of zonal anatomy can be evident on 
T2 images within the area of treatment. Most importantly, 
residual or recurrent malignant lesions may appear as 
hypointense areas compared to surrounding tissue. In gen- 
eral, the distinction between normal and malignant tissues 
can be challenging in this setting. Several months after abla- 
tion, as necrosis is replaced by fibrosis and hyperemia 
resolves, a homogenous non-enhanced region can be seen 
within the ablation zone on the dynamic contrast-enhanced 
(DCE) sequence. Therefore, DCE sequences can be helpful 
to diagnose tumor recurrence after focal therapy since the 
malignant foci can be visualized as a hypervascular enhanc- 
ing lesion on a poorly enhancing background. 
Notwithstanding, residual benign hypertrophic nodules can 
also appear hypervascular and may mimic tumor recurrence 
[53-56]. Despite its limitations, according to the Delphi con- 
sensus statement, mpMRI is currently recommended as a 
standard imaging modality for the evaluation of recurrence 
after focal therapy [57]. 


Outcomes After Primary Focal Therapy 


Lambert et al. described short-term biochemical progression- 
free survival of 88% (through 2-year follow-up), with 
potency rates over 70% and no case of urinary incontinence 
[58] after focal therapy. Similarly, Onik et al. demonstrated 
94% BCR-free survival over a mean follow-up period of 
4.5 years in a series of 48 patients, maintaining a high rate of 
continence (100%) and potency (90%). In those having a 
surveillance biopsy, no recurrence was detected in the ablated 
zone [59]. Dhar et al. reported the largest series of focal 
therapy treating 795 patients. They showed a 3-year bio- 
chemical recurrence-free rate of 80%. In total, 25% having a 
“for-cause” biopsy had residual/recurrence after focal ther- 
apy, representing 4.5% of the overall cohort [60]. In a sys- 
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tematic review, the recovery of erectile function was 
compared between men treated with focal versus whole 
gland prostate ablation. In potent individuals, whole gland 
ablation was associated with a significant reduction in erec- 
tile function at 6 months (from baseline IIEF-5 score of 22.9 
to 4) that remained very low (mean IIEF-S score of 4.1) after 
24 months. In contrast, after a significant decline in erectile 
function (EF) 6 months following focal ablation (from a 
mean baseline ITEF-5 score of 27.8-9.8), EF gradually 
returned to baseline by 36 months (mean IIEF-5 score of 
22.7) [61]. 

Retrospective studies with short- to intermediate-term 
follow-up show comparable oncological outcomes between 
partial gland ablation and total gland treatment (whether 
whole gland ablation [62] or radical prostatectomy [63]) in 
low-intermediate risk prostate cancer. However, these stud- 
ies require further maturation before long-term oncologic 
success can be judged. Preferably, randomized trials should 
be undertaken to demonstrate long-term oncological control 
of focal/partial versus whole gland cryotherapy. Until then, 
consideration of focal therapy will be mainly based on its 
less morbid profile and a high rate of favorable functional 
outcomes. 


Salvage Focal Cryotherapy 


As mentioned, currently the most common application of 
salvage cryotherapy is whole gland ablation after biopsy- 
proven organ-confined disease in the absence of metastases 
following radiotherapy. Radiorecurrent prostate cancer is 
often multifocal and high grade, but in select individuals it 
may be localized at the site of the primary index lesion [64]. 
Therefore, in patients with organ-confined, discreet, and 
localized recurrence, salvage focal ablation may offer 
improved continence and potency. A recent comprehensive 
literature review reported eight published studies on focal 
salvage therapy (three on focal salvage cryotherapy for 
radiorecurrent disease) (Table 15.3) [65-68]. One of the 
more challenging aspects of the management plan is accu- 
rately determining the site(s) of recurrence. The location of 
persistent/recurrent disease can be ascertained by conven- 
tional extended core (12-16 cores) TRUS-biopsy, mpMRI 
(radiographic targets must be biopsy-confirmed), or trans- 
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perineal mapping biopsy [68]. The 2—3-year BCR-free sur- 
vival in this setting when mpMRI was used for patient 
selection was 49-100% compared to 27.4-79% when 
mpMRI was not applied [68]. 

Characteristic radiographic changes on mpMRI can be 
expected after prostate radiotherapy such as diffuse hypoin- 
tensity due to glandular atrophy and fibrosis. Despite these 
changes, zonal anatomy is usually preserved. Recurrence 
usually appears as a hypointense nodule on T2 imaging that 
most commonly (up to 90%) presents in the same zone that 
the pre-radiation tumor was located [69, 70]. The sensitivity 
and specificity of T2-weighted imaging alone for the detec- 
tion of cancer foci after radiation can be between 36 and 75% 
and 65 and 81%, respectively [71]. When DCE sequences 
are added to T2 imaging, due to different vascular densities 
of the tumor foci compared to its background, the perfor- 
mance of imaging to detect recurrent tumor increases (sensi- 
tivity 82%, specificity 74%) [72]. These data demonstrate a 
promising role for mpMRI to select patients for salvage focal 
therapy after radiation failure. 


Complications of Primary Cryoablation 


Minor self-limited complications such as transient scrotal, 
perineal, or penile swelling, paresthesia, and hematoma may 
occur after primary cryotherapy but are more commonly 
seen in the salvage setting. If these occur, it normally resolves 
during the subsequent week(s) after the procedure. Severe 
long-standing pain syndromes are extremely rare [18, 73]. 
In the contemporary era of cryotherapy, prostatic urethral 
mucosal sloughing is rare and in recent series is seen in <5% 
[13, 18, 30, 31, 33, 34]. Conservative measures such as tem- 
porary urinary drainage with a suprapubic tube can ade- 
quately manage this, and only in very rare situations 
transurethral resection of the sloughed tissue may be consid- 
ered. Similarly, the utilization of the protective urethral 
warming catheter and real-time temperature monitoring of 
vital structures have decreased the rate of rectourethral fis- 
tula after cryotherapy to as low as 1—2%. Rectourethral 
fistula may present with fecaluria and/or watery diarrhea. 
Initial conservative management with a low-residue diet and 
urinary diversion with a urethral or suprapubic catheter is 
usually sufficient for spontaneous healing, particularly in a 


Table 15.3 Oncological outcomes after salvage focal prostate cryotherapy for external beam radiotherapy and/or brachytherapy failure 


Biochemical recurrence-free survival 


(%) 
Study Patients (no.) Diagnosis of focality Definition ly 3y Sy 
De Castro Abreu et al. [60] 25 TRUS biopsy Phoenix = = 54.4 
Eisenberg et al. [61] 15 TRUS biopsy Phoenix/ASTRO 89/89 79/50 - 
Li et al. [62] 91 NA Phoenix 953 72.4 - 


TRUS transrectal ultrasound, ASTRO American Society for Therapeutic Radiology and Oncology 
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non-radiated field. In rare situations, usually following radia- 
tion therapy, surgical repair of a fistula may be required usu- 
ally 3-6 months after cryosurgery. In contrast to the primary 
setting, rectourethral fistula following salvage cryotherapy 
(with a history of radiation) may require cystoprostatectomy 
with diversion as self-healing may not be successful. 
Aminsharifi et al. reported a significant association between 
high-grade disease and postoperative urinary retention with 
rectourethral fistula formation after primary whole gland 
cryoablation [74]. 

The incidence and type of urinary incontinence after 
whole gland primary cryotherapy are variable between stud- 
ies. However, the overall incidence of urinary incontinence is 
less than 10% and is usually transient [13, 18, 30, 31, 33, 34]. 
Many men require a minimal number of pads, so the volume 
of incontinence is small compared to men with postsurgical 
stress urinary incontinence. Similarly, the incidence of uri- 
nary retention is less than 5% and is typically transient due to 
postoperative gland edema or tissue necrosis and can be 
managed by temporary urethral catheterization [29]. 
According to a report from the CaPSURE database, the over- 
all incidence of urethral stricture after primary cryotherapy 
(2.5%) is comparable to other modalities such as watchful 
waiting (1.1%) and ADT (2%) and remains far lower than 
prostatectomy (8.4%) [75, 76]. 

Erectile dysfunction is perhaps the most common compli- 
cation of whole gland primary cryotherapy (40-90%) [14, 
18, 33]. Recall that the lethal temperature of ice begins 
within 4 mm of the ice edge (0 °C) as the isotherm becomes 
progressively colder near the cryoprobe (see Fig. 15.1a) [7, 
8]. In order to effectively ablate cancer, the ice ball must 
encompass the tumor within its lethal isotherm, and often 
cancer itself is in proximity to the neurovascular bundle 
(NVB). Therefore, the NVB often involved with collateral 
damage due to the nature of both the location of the cancer 
and the need to generate very cold temperatures adjacent to 
the NVB. A higher potency rate (up to 70-85%) can be 
expected when a focal/partial gland template is utilized par- 
ticularly when the tumor is away from the NVBs, which 
allows for preservation of one or both neurovascular bundles 
[50, 58, 59]. Through a randomized trial, Robinson et al. 
compared the quality of life profile of patients treated with 
primary cryotherapy versus primary radiotherapy. During a 
3-year follow-up, patients in both groups expressed an over- 
all high level of quality of life. Acute urinary symptoms were 
slightly higher in the cryotherapy group. Both modalities can 
significantly impact sexual quality of life, however [77]. 


Complications After Salvage Cryoablation 


When compared to primary ablation, a higher rate of tran- 
sient pelvic/perineal pain (14-49.5%) may be expected in 
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the salvage setting [26]. The rate of rectourethral fistula is 
about 2%, and urinary incontinence is less than 20% in most 
salvage cryotherapy series [26, 32, 40, 42, 44], by far lower 
than that of salvage prostatectomy but higher than that of 
primary cryosurgery. Kimura et al. showed comparable uri- 
nary symptom scores after primary versus salvage cryother- 
apy. In both settings, the lower urinary tract symptom scores 
are worse immediately after the procedure but then gradually 
improve over | year. Cryoablation did not negatively impact 
urinary symptoms but may rather improve them [78]. Also, 
similar quality of life outcomes in various domains such as 
physical symptoms and sexual, bowel, and bladder symp- 
toms after primary versus salvage cryotherapy were reported 
[79]. In both settings, sexual and urinary function represents 
the most significant domains that affect quality of life, and 
severe erectile dysfunction may be present in up to 90% of 
patients after whole gland primary or salvage ablation. 
However, many men treated with cryosurgery have pre- 
existing erectile dysfunction. The overall rates of grade 3 
genitourinary toxicities are also comparable between salvage 
prostatectomy (23%) and salvage brachytherapy (23%) and 
salvage cryotherapy (22%) [80]. 


Technical Challenges: Tips and Tricks 


Large Glands Cryotherapy for large glands (>60 mL) can 
be challenging as it is difficult to generate a large volume of 
lethal ice sufficient to cover the entire gland and eradicate 
cancer. These large glands often (a) require more cryo- 
probes for effective treatment; (b) consume additional 
intraoperative time for the freeze/thaw cycles; (c) have a 
greater chance of developing “variable freeze zones,” or 
areas of incomplete treatment due to tissues not reaching 
sufficient nadir temperatures, often seen when ice fields do 
not overlap; (d) have greater risk of urinary retention due to 
acute prostatic edema; and (e) increased risk of bleeding. 
Transrectal monitoring of the ice ball especially its anterior 
aspect may be difficult due to size considerations. 

To circumvent these issues, the administration of a short 
course (3—6 months) of ADT can be helpful to preoperatively 
downsize the prostate, thereby facilitating probe placement, 
ice ball monitoring, and overlapping of adjacent lethal iso- 
therms generated by each ice ball. However, with the advent 
of mpMRI and cancer localization, many patients with large 
glands today are opting for focal therapy rather than ADT, if 
applicable. 


Prior TURP In patients with a previous history of TURP, 
cryosurgery remains a relative contraindication. In this case, 
we would recommend a cystoscopy in the office to ascertain 
if the prostatic fossa has sufficient adenomatous regrowth to 
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coapt to the urethral warmer, which is a necessary prerequi- 
site to prevent urethral slough. 


Locally Advanced Prostate Cancer Patients with extra- 
prostatic extension (EPE) of prostate cancer usually require 
wider ablation margins that may be associated with a higher 
risk of injury to adjacent vital structures. These patients 
tend to have multifocal intraprostatic disease often includ- 
ing tumor in the anterior gland or the periurethral tissue, the 
latter of which is typically prevented from freezing by the 
urethral warming device [81, 82]. Physicians should use 
their judgment if cryotherapy would be the treatment of 
choice for patients with locally advanced prostate cancer, 
as it may not be possible to cure these men due to extent of 
disease. 


Obviating Inadvertent Rectal Injury To minimize the 
risk of rectal injury and rectourethral fistula, the TRUS probe 
and rectal wall should not be compressed against the prostate 
(see Figs. 15.2 and 15.3). Two options to correct this situa- 
tion include (1) relieving the pressure of the probe against by 
prostate by lowering the stepper, thereby widening the 
Denonvilliers’ fascia, or injecting saline into the 
Denonvilliers’ fascia to widen the space during the 
procedure. 


Urethral Warming Catheter As previously noted, the 
adoption of the urethral warming catheter was a break- 
through for reducing the risk of urethral thermal injury per- 
mitting widespread adoption of cryotherapy. A few comments 
about this device. First, the tip of the catheter is hard and can 
cause a false passage if not passed carefully. We recommend 
passing the catheter carefully over a super-stiff guidewire 
with upwards traction on the penis. Second, protective ure- 
thral warming does preserve some element of periurethral 
prostate tissue that may cause some degree of PSA persis- 
tence after ablation. Theoretically, use of the catheter may be 
associated with an increased risk of cancer recurrence at 
periurethral regions due to sublethal tissue temperature; 
however, cancer is rarely located in this area in the primary 
setting [83]. 


Future Directions 


With the expanding application of mpMRI for selecting 
patients amenable to focal therapy, the feasibility of in-bore 
mpMRI-guided focal therapy for simultaneous lesion local- 
ization and targeting has been demonstrated. However, new 
challenges remain such as monitoring of the ice ball tem- 
perature as well as developing reliable MRI-compatible 
real-time thermocouples to ensure lethal temperature is 
achieved [84]. 
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While focal therapy had been previously considered as an 
alternative option to active surveillance for low-risk disease, 
according to current consensus guidelines, the application of 
focal therapy has now been expanded to an active treatment 
for clinically localized intermediate-risk disease [85]. A 
recent cohort of mpMRI-directed focal cryoablation for 
intermediate- and high-risk disease has shown promising 
oncological (3-year any additional treatment-free survival 
rates >90%) and functional (no incontinence, with >80% 
potency) outcomes [86]. Therefore, the cautious expansion 
of focal ablation for high-risk disease seems possible in 
select patients participating in a clinical trial. The use of 
mpMRI and “for-cause” mpMRI fusion biopsy in this cohort 
may open new horizons for the development of new postpro- 
cedural surveillance protocols [86]. 

The incorporation of mpMRI for decision-making in 
ablative therapy and designing the ablation template can also 
be helpful when selecting the type of ablative energy. 
According to the European Section of Urotechnology 
(ESUT) position statement, despite lack of robust evidence, 
some ablative modalities may work better for different gland 
sizes and tumor geometries. For example, focal HIFU can be 
preferentially offered for small glands with peripheral index 
lesions, whereas cryotherapy can be applied to somewhat 
larger glands with either anterior or posterior tumors [87]. 

Freeze resistance is an ongoing concern responsible for 
some cryotherapy failures that deserves further study. Novel 
concepts such as interaction with the tumor microenviron- 
ment, resistant tumor stem cells, mutations in tumor cell 
lines leading to tumor regrowth, and repopulation of resistant 
cells are new areas of investigation. Adjuvant cryosensitizing 
agents are thought to enhance the efficacy of tumor cell kill 
at the ice ball margin or may help to eliminate freeze-resistant 
cells that typically require colder temperatures to be 
destroyed [88]. Of note, both in vitro and in vivo studies have 
demonstrated the beneficial effect of vitamin D3 analogs to 
increase freezing sensitivity of prostate cancer cells. Using 
these agents, cancer cell destruction can be achieved at 
warmer temperatures of approximately —5 °C, which trans- 
lates to reliable cell death at the outer edge of the freezing 
zone [89]. Currently, four categories of cryosensitizing 
agents have been examined experimentally: 


1. Thermophysical agents: These agents (such as NaCl, 
KCl, glycine) can mechanically destroy tumor cell mem- 
branes potentially enhancing the threshold injury tem- 
perature up to —5 °C [90]. 

2. Chemotherapeutic agents: Several chemotherapeutic 
agents (e.g., 5-fluorouracil, cisplatin, doxorubicin) can 
selectively accumulate in tumor cells when their cell 
membranes are damaged by cryotherapy. Therefore, 
induction of apoptosis and cell destruction can be 
achieved at higher temperatures, and these agents can 
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enhance the efficacy of cryotherapy on freeze-resistant 
cell lines [91]. 

3. Cytokines: Similar effects have also been shown experi- 
mentally when inflammatory cytokines such as tumor 
necrosis factor-a have been used as an adjuvant to cryo- 
therapy [92]. 

4. Immunomodulatory agents: As major antigen-presenting 
cells, dendritic cells can be induced at the cryo-injury site 
to enhance the process of immune-mediated cell killing 
and apoptosis. Several immunomodulatory agents such as 
checkpoint inhibitors, GM-CSF, and imiquimod have 
been modestly effective to increase cryoablative cell 
injury [93]. 


Conclusion 


Prostate cryoablation using different templates (whole ver- 
sus partial gland) or in different settings (primary versus sal- 
vage) has comparable oncological outcomes with radical 
treatments at least in the mid-term follow-up period while 
often offering a less morbid procedure. Both mechanical and 
immunomodulatory cellular damage by cryotherapy can 
potentially negate the adaptive defense mechanisms of can- 
cer cells. Moreover, several adjuvant cryosensitizing agents 
and modalities can be added to the standard procedure to 
enhance its efficacy and further reduce its morbidity. 
Development of new computational tools for treatment plan- 
ning and monitoring of the treatment zones coupled to the 
development of new cryogens and smaller and dual-mode 
cryoprobes remain current topics for future improvement of 
the efficacy and precision of contemporary cryoablation 
technology and practice. 


Disclosure Dr. Polascik has a consultant agreement with Endocare for 
physician training. 
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Irreversible Electroporation (IRE) 


Electroporation is a technique in which a series of bipolar 
electric pulses, traveling between two electrodes at a time, 
are used to create “nanopores” in cell membranes. These 
pores allow molecules to pass into the cell. While the process 
can be temporary, above a certain threshold, the nanopores 
become permanent, causing cell death due to the inability to 
maintain homeostasis. This is called irreversible electropora- 
tion (IRE) (Fig. 16.1) [1, 2]. 

Among the uses for reversible electroporation (RE), the 
most important is electrochemotherapy, which permits 
higher doses of chemotherapeutic agents to enter the cells. 
The occurrence of IRE during RE procedures was consid- 
ered an unwanted treatment side effect. However, in recent 
years, interest has turned to IRE as a tumor ablation modal- 
ity, resulting in the development of commercially available 
medical equipment [3]. 

IRE has been shown to effectively ablate tumor cells 
in vitro, in small and large animal experiments, and in several 
safety and efficacy studies on the IREs of focal liver, pancreas, 
small pelvis, kidney, and lung tumors [4—6]. Tumor ablation 
experiments have shown that connective tissue structure can 
be preserved, and there is minor damage to associated blood 
vessels, neural tissue, or other vital structures [7—9]. 

The IRE lesions show a sharp demarcation between 
ablated and non-ablated tissue, whereas current thermal 
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ablation techniques often show a transitional zone of par- 
tially damaged tissue where the temperatures reached were 
insufficient for definitive ablation [10]. 

Whether IRE can be considered a nonthermal treatment is 
worth a comment: the rationale of this technique is the 
unprecedented preservation of tissues and anatomic struc- 
tures such as blood vessels, nerves, and connective matrix. If 
the thermal effect was significant, most of the advantages 
would be lost, or it would at least be comparable to thermal 
treatments, which indistinctly affect every tissue in the range 
of the energy delivered. 

In 2015 a purely theoretical approach based on virtual 
resistance models and simulations of the electrical Joule 
effect implied that a significant thermal effect could arise 
during IRE [11]. However, neither histology on human pros- 
tate specimens [12] nor direct temperature measurements 
showed some thermal effect or damage. The measured tem- 
peratures in a polyacrylamide gel medium around electrodes 
rose to 33 °C, and no temperature changes were seen in dif- 
ferent areas of a porcine liver [13]. 


Device 


An IRE system consists of two major components, a low- 
energy direct current (LEDC) generator and the needle elec- 
trodes. The system is a commercially available technological 
platform based on the principles of IRE and is intended for 
applications that require the ablation of tissue that is primar- 
ily cellular. As a result, the potential applications are 
extremely broad [11, 14]. 

The system is manufactured and distributed by 
AngioDynamics, Inc. (Latham, NY) under the trade name 
NanoKnife. It has been approved by the regulatory authorities in 
Europe and meets several internationally recognized standards. 
The system and probes have been cleared for marketing by the 
US Food and Drug Administration and carry the CE mark for 
cell membrane electroporation in Europe. All cleared compo- 
nents are indicated for the surgical ablation of soft tissue. 
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Reversible electroporation 
Electric field temporarily 
disturbs the phospholipid 
bilayer allowing molecules to 
pass through the cell 
membrane into the cell. 


Irreversible electroporation 
Electric field passes through 
the cell membrane resulting 
in permanent 
permeabilization of the cell, 
loss of homeostasis and 


apoptotic-like cell death. 


Fig. 16.1 Schematic illustration of reversible electroporation (RE) and irreversible electroporation (IRE) 


IRE in Prostate Cancer 


The major side effects of prostate cancer treatments are 
incontinence, erectile dysfunction, bleeding, and bowel 
injury. The relatively high incidence (range, 30-90%) of 
erectile dysfunction is due to damage of the neurovascular 
nerve bundle and/or blood flow to the penis. The incidence of 
incontinence has been reported to be as high as 57% and is 
due to damage of the distal urethral smooth muscle sphinc- 
ter, the puboprostatic ligaments, and the striated muscle 
along the length of the urethra [15]. IRE has been shown to 
have an advantage over surgical and other ablation tech- 
niques by sparing surrounding tissue and vital structures 
such as blood vessels and nerve bundles (see list below). It is 
therefore postulated that this advantage may help reduce or 
avoid these side effects [12, 16]. 


Advantages of IRE Compared to Current 
Ablative Treatment Options 


e Small needle electrodes with radiology guidance. 

e Very short high-voltage pulses create permanent pores in 
cell membranes. 

e Fast treatment. 

e Rapid disappearance of targeted cells. 

e No residual cavity or distortion. 

e Almost no postoperative pain. 

e Sparing of supporting and vital structures so consequently 
offers an alternative when thermal ablation and surgery 
are precluded. 


Procedure 


The procedure is performed under general anesthesia and 
deep muscle relaxation (curare-induced muscle blockade) 
using rocuronium (dose 0.5—1 mg/kg). Electric pulses induce 
strong contractions in otherwise noncurarized muscular tis- 
sue. Body movement induced by muscular contraction could 
change ultrasound or electrode probe placement. The proce- 
dure is a minimally invasive oncological treatment [13, 17]. 

A trigger can be used to supply the pulses at a cardiac 
autosynchronous rate to decrease the risk of cardiac arrhyth- 
mias. The patients are placed in the extended lithotomy posi- 
tion and sterile-draped, and a transurethral 16-French Foley 
catheter is inserted (Fig. 16.2). The treated area is destroyed 
under transrectal ultrasound (TRUS) image guidance by dis- 
rupting the cell membrane with a short-duration, high- 
voltage direct current [14, 18]. 

To define the treatment area, a biplanar TRUS system 
equipped with an endocavity probe is used to visualize the 
prostate both sagittally and axially. The volume and shape of 
the prostate must be determined, and the data will be entered 
into the planning software system. The 19-gauge unipolar 
electrode needles are inserted transperineally using a brachy- 
therapy grid under continuous ultrasound guidance (Fig. 16.3). 


Technique 
Treatment volume is identified by merging biopsy results, 


MRI imaging, and real-time ultrasound via a cognitive fusion 
or software-based MRI-US fusion system. A minimum of 
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Fig. 16.2 Extended lithotomy position with ultrasound inserted 


Fig. 16.3 The 19-gauge unipolar electrode needles inserted transperi- 
neally using a brachytherapy grid under continuous ultrasound 
guidance 


two monopolar electrodes are needed, and up to six can be 
placed. Due to the limited volume of target lesions, most 
treatments are performed by placing three to four 
electrodes. 

The active part of the electrode is exposed by retracting an 
isolating sheath the necessary length. Once all of the elec- 
trodes are inserted, relative distance is entered in the system 
to titrate energy delivery. By default, direct current pulses of 
1500 volts/cm by 90 ps are delivered. 

In order to obtain IRE, a direct current at intensity of 
30-40 amperes (A) should be administered between each 
pair of electrodes. In this way, volts/cm and pulse length can 
be adapted following the feedback graph provided by the 
software. After the titration phase, treatment is launched by 
90 electric pulses between each electrode pair (Fig. 16.4). 


243 
Indications 


To date, focal or extended prostate ablation treatment by IRE 
does not have formal indications in regional guidelines. 
Cases performed in Europe are being pooled by a multicen- 
tric registry coordinated by the Clinical Research Office of 
the Endourological Society (CROES) [19]. Personal experi- 
ence allows us to define IRE for prostate cancer treatment as 
a good option for clinically significant low-intermediate risk 
and lesions less than 2 cm, with a good correlation between 
multiparametric magnetic resonance imaging (mpMRI) and 
targeted biopsy. 

Therefore, a PSA <20, Gleason score <3 + 4, and unifocal 
lesion size <2 cm are currently the parameters we use for a 
focal IRE application. IRE can be considered a minimally 
invasive treatment option for patients not keen on active sur- 
veillance or not willing to accept the potential complications 
of curatively intended treatments such as prostatectomy and 
radiation therapy. 

In addition, IRE has been proposed as a salvage treatment 
for radio-recurrent disease in high-risk tumors when no other 
option is feasible [15]. 


Tips and Tricks 


In experienced hands, the procedure is fast, with an average 
duration of 30 minutes from Foley catheter insertion to nee- 
dle ablation. A fixed arm is needed to act as a probe holder, 
ideally a brachytherapy transperineal stepper with a grid. 
Good-quality ultrasound imaging of the prostate on both the 
axial and sagittal planes is obtained by preoperative rectal 
preparation (enema). A source of wasted time is a manual 
stool evacuation or managing of gas between the probe and 
rectal wall. 

The probe should be tilted by 10°—15° on the sagittal 
plane to follow the rectal angle and allow for good visualiza- 
tion of both the basal and apical parts of the prostate without 
excessive deformation. 

The pubic arch can limit access to an extreme anterior 
positioning of the electrodes. Therefore, the extended lithot- 
omy position is a good option for tilting the pelvic outlet 
open. 

The intraprostatic localization of the target lesion is not a 
limiting factor in patient selection. A lesion that is peripher- 
ally posterior (close to the rectal wall or neurovascular bun- 
dles) as well as apical (urethral sphincter) or transitional 
(urethra) can be treated by IRE because there should be no 
significant effect on functionally important adjacent struc- 
tures [15]. 

Having intraoperative access to mpMRI key images, 
either printed or on screen, is of the utmost importance to 
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perform cognitive fusion if other software-based fusion 
systems are not available. Best images are T2 weighted, with 
the target lesion outlined by the radiologist. Any landmark 
close to the target, such as an intraprostatic cyst or nodule of 
adenoma, is welcomed to confirm the location of a lesion 
that is completely invisible on ultrasound the majority of the 
time. If no such aid is visible, one of the better options is to 
measure the distance of the lesion from the prostatic margins 
and enter those measures on the ultrasound screen to maxi- 
mize accurate cognitive fusion. 

Needle placement and configuration depend on lesion 
position and size: for a 1-cm lesion, a three-electrode con- 
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figuration can effectively cover the target volume. For larger 
lesions, four needles are the best option, in either a square or 
diamond configuration, depending on the shape and location 
of the target volume. Distances of more than 2 cm are barely 
covered by a homogeneous electroporation, but a “pullback” 
of the electrodes, without changing their positioning, can 
help for elongated lesions with craniocaudal development. 

At the end of the procedure, electric feedback charts are 
verified, and electrodes are simply pulled. Usually, no adhe- 
sive bandage is needed, and the only bleeding comes from 
the skin puncture. In our experience, no local infections have 
been observed to date (Fig. yi 


Time (s) - time between pulses not in scale 


Time (s) - time between pulses not in scale 


| The feedback graph after treatment; volts and amperes are within the IRE range 


Brachy 5mm 


Brachy 5mm 


5.5 Ultrasound images before treatment (left), needles in place and relative distances are measured; after treatment (right), ultrasound 
shows artifact mainly due to electrophoretic gas generated by high-voltage current 
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Outcomes 


IRE used for prostate cancer is well tolerated and compa- 
rable in urinary, bowel, physical, and mental scores before 
and after the procedure. This is regardless of the prostate 
segment ablation [20, 21]. Guenther et al. reported results 
in over 471 patients treated either for focal localized dis- 
ease or for high-risk or salvage treatments. No urinary 
incontinence has been observed, and sexual function 
decreases have been a transient effect, with only 3% resid- 
ual erectile dysfunction after 12 months. A relationship 
has been determined between sexual function at baseline, 
patient’s age, and outcomes. The lowest preoperative sex- 
ual status corresponds to poorer outcomes in terms of sex- 
ual preservation [15, 22]. 

Oncological outcomes of prostate IRE are evaluated by 
PSA, imaging, and re-biopsy. The largest retrospective study 
on both focal/hemiablation and whole gland ablation found 
recurrence-free survival at 6 years of 90% overall, making 
IRE comparable to radical prostatectomy outcomes [15]. 

Imaging is best conducted by either contrast-enhanced 
ultrasound or MRI, and both techniques provide a reliable 
estimation of ablated volume and location when compared 
with a prostatectomy specimen [23] (Figs. and ). 
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Literature 


Neal et al. published results of a study of two patients who 
underwent the IRE procedure. The patients were aged 64 and 
57 and had Gleason scores of 7 and 6 and PSA levels of 5.4 
and 4.3 ng/ml, respectively [24]. Both patients received IRE 
electric pulse delivery and were discharged with a transure- 
thral catheter that remained in situ for up to 10 days. Both 
patients experienced mild hematuria after the procedure but 
recovered during the post-IRE period without any other seri- 
ous adverse events. Their prostatectomies were performed at 
3 or 4 weeks post-IRE, without complication. Histology 
showed regions of tissue necrosis surrounding the electrodes, 
all of which were contained within the healthy prostatic 
parenchyma. Variable extents of reactive stromal fibrosis and 
regenerative change in the epithelial lining of prostatic ducts 
were observed surrounding the necrotic focus. Inflammatory 
infiltrate was present, while squamous metaplasia and hemo- 
siderin deposition were noted near the hemorrhagic margins. 
Reconstructing histologically determined IRE-altered pros- 
tate regions resulting in total volumes of 1.14 and 2.46 cm? 
for patient trials one and two, respectively. 

Valerio et al. presented a study about the toxicity profile 
of IRE in the focal treatment of prostate cancer [25], where 


f 


the site of the target volume. T2-weighted images 


Fig. 16.6 MRI images before (left) and 6 weeks after (right) IRE on right posterior lobe of the prostate. MRI shows a cavity filled with fluid at 
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Fig. 16.7 MRI images before (left) and 6 weeks after (right) IRE on right posterior lobe of the prostate. Large target volume, shrinking of the right 


lobe. T2-weighted images 


45 patients had grade 1-2 complications. Apart from two sal- 
vage patients treated for radio-recurrent disease who required 
necrotic tissue resection, no severe toxicity was recorded. 
The most frequent urinary complications were persistent 
dysuria and persistent debris hematuria. The PSA after 6 
months was 3.2 ng/ml (0.04—26). Overall, secondary local 
treatment was needed in 8 of the 45 patients. 

A literature review as of May 2019 found 8 retrospec- 
tive clinical studies [15, 20, 21, 24, 26-29] with a total of 
699 patient reports, mostly on small series. The largest 
clinical study is from Guenther, reporting experience on 
471 clinical cases and with 6 years of follow-up. The 
results are evaluated heterogeneously, but both functional 
and oncologic aspects are kept in consideration. A PSA 
decrease was observed in all cases, proportional to the 
ablation volume. Imaging, mainly by MRI, showed shrink- 
ing of the treated area, often with cavity creation in the 
prostate. Continence was always preserved, and urinary 
function is generally only slightly and temporarily 
impaired. Erectile function seems highly correlated with 
baseline [15, 21, 22, 26, 30]. 


Conclusion 


IRE is a promising focal therapy treatment option for pri- 
mary or recurrent prostate cancer. The technique requires 
accurate patient selection and close partnership with MRI 
radiologist. While it is appealing for the preservation of sex- 
ual function and avoidance of long-term urinary complaints, 
it remains investigational. 
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Introduction 


Vascular-targeted photodynamic therapy (VTP) is an 
approved focal treatment for prostate cancer which is mini- 
mally invasive and performed in the ambulatory setting. VTP 
is administered using a photosensitizer that is delivered intra- 
venously and activated locally by laser fibers that emit a spe- 
cific wavelength of light. Once activated, the photosensitizer 
generates free radicals, causing a severe form of uniform 
local vascular injury within tissues, resulting in a controlled, 
non-thermal form of coagulative tissue necrosis that is 
tumoricidal and associated with minimal side effects or col- 
lateral tissue damage. 

The development of prostate cancer VTP has rapidly 
advanced over the past few decades, with a maturing body 
of evidence supporting its clinical utility and adoptability to 
a number of relevant applications [1]. In 2017, the European 
Medicines Agency approved VTP with WST-11 
(Padeliporfin, TOOKAD Soluble; Steba Biotech S.A.) for 
the treatment of men with low-risk prostate cancer based on 
results from a phase II randomized controlled trial [2, 3]. 
Additional trials are underway investigating treatment for 
men with intermediate-risk prostate cancer, including phase 
II trials in the USA (NCT03315754). The strong supporting 
evidence from clinical trials and preclinical studies with 
VTP demonstrates the significant potential of this therapy as 
a mainstay treatment for prostate cancer focal therapy. 
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VTP In Prostate Cancer 


As per the American Urological Association Guidelines, cur- 
rent standards of care for the management of clinically local- 
ized prostate cancer are limited to either active surveillance 
or radical therapy, including surgery and radiation therapy 
[4]. However, these dichotomous approaches can be associ- 
ated with serious adverse events and long-term side effects. 
Not only does active surveillance entail risks associated with 
repeat prostate biopsies and patient anxiety, but delaying 
treatment of men with localized disease initially assessed as 
low-risk may lead to cancer progression and metastases in a 
small proportion of patients. Alternatively, radical prostatec- 
tomy (RP) and radiation with androgen deprivation therapy 
each lead to a myriad of well-documented complications that 
can negatively affect quality of life. Prostate cancer remains 
one of the only solid malignancies that is still managed by 
treating the entire organ. Due to injury of surrounding struc- 
tures, radical therapy can cause genitourinary complication 
(namely, erectile dysfunction, urinary incontinence, and 
voiding dysfunction) as well as have adverse effects on the 
adjacent rectum. 

Minimally invasive ablative treatments for low-volume 
localized prostate cancer are under investigation and have 
certain fundamental advantages over radical therapy. The 
procedures can be performed in a single session in the 
ambulatory care setting with minimal recovery time. 
Because the entire prostate does not need to be treated, 
targeted ablative therapies can maintain normal organ 
function. They allow for either hemiablation or targeted 
ablation of a dominant tumor and cause fewer adverse 
effects than radical treatments. These treatments do not 
preclude the use of subsequent therapies, such as re-treat- 
ment with VTP (or other ablation modalities) or salvage 
radical therapy, and can be used to salvage recurrent pros- 
tate cancer following radiation therapy. Because of these 
advantages, these focal ablative therapies may be a third 
option that allows for effective treatment for men with 
localized prostate cancer [2, 3]. 
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There are several modalities of ablative techniques avail- 
able, including VTP, high-intensity focused ultrasound, 
cryotherapy, microwave ablation, radiofrequency ablation, 
focal laser ablation, irreversible electroporation, focal 
brachytherapy, and stereotactic ablative radiotherapy, each 
delivering a different form of energy to ablate the cancer. 
However, many of these therapies may damage neighboring 
tissues. This may be particularly true for thermal ablation 
techniques, in which the provided heat wave has to overcome 
the heat sink effect from tissue vascularity and therefore may 
cause indiscriminate damages to surrounding normal tissue 
and vessels which are detrimental to the recovery of normal 
organ function. 

Alternatively, VTP is a non-thermal ablative technology. 
Animal studies using both mice and pigs have shown that 
VTP rapidly results in the occlusion and destruction of the 
feeding arteries, draining veins, and capillaries of the tumor 
tissue, followed by non-thermal coagulative necrosis of the 
target tissue, with minimal to no thermal dispersion to sur- 
rounding tissues [5, 6] (Fig. 17.1). In contrast with other 
forms of prostate ablation, VTP has been shown in prospec- 
tive randomized clinical trial to be an effective form of pros- 
tate cancer ablation with minimal side effects and negligible 
damage to surrounding tissues [2, 3]. Currently, no other 
minimally invasive focal therapy has phase III randomized 
controlled trial data and approval for the management of 
prostate cancer in a major regulatory market. 


PDT Components 


PDT requires two key components described below: the pho- 
tosensitizer agent and the light delivery system. 


Photosensitizer 


The ideal photosensitizer should be activated by light at 
the red to near-infrared domain where light penetrates 
deeply into tissue, be nontoxic in the dark, promote selec- 
tive phototoxicity at the target tissue with minimal toxicity 
to the surrounding tissue, and be rapidly cleared from the 
treated subject. Contrary to early expectations, the selec- 
tive uptake of first- and even second-generation photosen- 
sitizers by the cancer cells is fairly poor, and selective 
accumulation in the tumor (when observed) mainly relies 
on the enhanced permeability and retention effect. The 
poor selectivity, prolonged residence of these sensitizers in 
the subject’s circulation, and the inability to treat sizable 
tumors greatly limited the use of PDT. Early attempts to 
treat prostate cancer were hampered by adverse effects, 
poor efficacy, and prolonged phototoxicity. VTP intro- 
duces a new concept in PDT. Rather than relying on pre- 
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Fig. 17.1 Vascular-targeted photodynamic treatment being studied in 


animal models to optimize the therapeutic properties in both (a) mice 
and (b) swine models 


ferred uptake, VTP promotes selective response which is 
governed by major differences between the microenviron- 
ment of the normal tissue and tumor, particularly the vas- 
cular bed. 

A particular form of VTP is delivered by WST-09 and 
WST-11, two derivatives of bacteriochlorophyll with maxi- 
mum optical absorption at 750-760 nm, which have 
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recently been developed at the Weizmann Institute 
(Rehovot, Israel) [7]. The prototype photosensitizer WST- 
09 (TOOKAD; Steba Biotech S.A.), or padoporfin, is a pal- 
ladium bacteriopheophorbide molecule synthesized from 
native bacteriochlorophyll that is produced by bacteria 
grown in a dark, aerobic environment. WST-09 has several 
advantages over previous photosensitizers. Because it is 
confined to circulation until clearance by the liver, the 
mechanism of action is primarily attributed to vascular 
occlusion and injury [8]. WST-09 is rapidly cleared, so 
posttreatment avoidance of sunlight is reduced to mere 
hours. Activation of WST-09 by infrared light (760 nm) 
allows for deep tissue penetration with larger ablative 
zones. Because WST-09 is confined to the circulation, the 
wave of damage evoked by photoexcitation does not impact 
the collagenous scaffold of the connective tissue. Despite 
these improvements, clinical utility of WST-09 is limited 
because of poor solubility in water that complicates its 
administration and the requirement of solubilization in 
excipients that may induce side effects. 

WST-11, or padeliporfin, has become the most widely 
used photosensitizer for VTP [9]. Unlike its predecessors, 
WST-11 is a hydrophilic compound that is soluble in aque- 
ous solutions, thereby facilitating its preparation and admin- 
istration and avoiding complications associated with 
liposomal formulations. WST-11 noncovalently binds to 
serum albumin and is sequestered within the circulation until 
cleared by the liver with a half-life of less than 60 minutes 
[10]. Activation of WST-11 leads to the production of super- 
oxide and hydroxyl radicals, causing localized vascular 
ischemia-reperfusion injury and coagulative necrosis [5, 11]. 
There is emerging evidence in animal models that local VTP 
combined with other anticancer therapies such as immuno- 
therapy or androgen deprivation therapy may potentiate the 
host antitumor immunity in the treatment of local and dis- 
seminated disease in both prostate and other cancer models 
[11-15]. 


Light Delivery System 


The light delivery system comprised of the diode laser and 
NIR light-guiding fibers is critical to delivering the appropri- 
ate wavelength of light with minimal loss for localized pho- 
tosensitizer activation (Fig. 17.2). Using real-time imaging 
and needle placement grids developed for prostate brachy- 
therapy, small laser fibers can be accurately positioned in 
target areas of the prostate and emit light with an infrared 
wavelength (753 nm) to optimally activate WST-11. By con- 
fining fiber placement to target regions and because of the 
prostate gland tissue composition, VTP offers non-thermal 
partial gland ablation, or focal therapy, in a minimally inva- 
sive fashion. 
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Fig. 17.2 Diode laser and NIR light-guiding fibers deliver the appro- 
priate wavelength of light to activate the photosensitizer locally at the 
tissue of interest 


VTP Procedure 
Work-Up and Preparation of WST-11 


VTP for prostate cancer comprises a series of steps, many 
distinct from other forms of ablative therapy. Prior to the 
procedure, prostate biopsy results are reviewed, and a mag- 
netic resonance imaging (MRI) is performed to visualize 
any targetable lesions. Furthermore, WST-11 is stored as a 
powder in 200-mg or 400-mg vials, and needs to be recon- 
stituted in 5% dextrose to a final concentration of 10 mg/ 
mL under dim light immediately prior to the procedure. See 
comment. 


Placement of Laser Fibers and Illumination 


The VTP procedure takes approximately 1.5-2 hours to 
complete and is typically performed in a single session in 
the ambulatory care setting under general anesthesia. The 
patient is placed in the lithotomy position and a urethral 
Foley catheter is placed. As is used in brachytherapy, a tem- 
plate grid is placed at the perineum to aid in needle posi- 
tioning [2, 3] (Fig. 17.3). Under transrectal ultrasound 
(TRUS) and guidance by preoperative MRI, hollow trans- 
parent needle catheters are inserted transperineally at the 
target sites. Optical fibers with cylindrical diffusers of par- 
ticular lengths are placed within the catheters to deliver tar- 
geted light doses to the prostate. The specific length of the 
diffusing part of the fiber (1-5 cm with 0.5-cm increments) 
is based on the TRUS images of the prostate. This allows 
light delivery to be adjusted to the target volume and geom- 
etry at any given location. A light-detecting probe is also 
placed in the rectum to ensure that the light dose is suffi- 


Fig. 17.3 Patient positioning for vascular-targeted photodynamic 
treatment of prostate cancer. (a) Under general anesthesia, patient is 
positioned in lithotomy, and urethral Foley catheter is placed. (b) A 
template grid is placed at the perineum to aid in laser positioning at the 
target tissue under intraoperative transrectal ultrasound guidance 


ciently low to minimize energy delivery to areas outside of 
the prostate. If the light in the rectum exceeds 13 mW/cm?, 
the optical fibers in the prostate are repositioned. Once the 
fiber positions are finalized, 4 mg/kg WST-11 is adminis- 
tered intravenously over a 10-minute infusion [15, 16]. 
WST-11 is then activated locally by 753 nm light at a power 
of 150 mW/cm and energy of 200 J/cm applied over 22 min- 
utes and 15 seconds. 


Posttreatment Observation 


After the illumination is complete, the fibers are removed, 
and the patient recovers in a low-level light room for 6 hours. 
The urethral catheter is removed after 24 hours. Due to the 
rapid clearance from circulation, there is minimal risk of 
skin photosensitization, and patients can be discharged on 
the day of treatment with instructions to avoid direct sunlight 
for 24 hours. 
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Patient Selection 


Patient selection is arguably one of the most challenging 
aspects of assessing the efficacy of focal therapy. The ideal 
patient for any form of localized prostate cancer therapy has 
a predicted life expectancy of 10 years or more and limited 
medical comorbidities that would contraindicate general 
anesthesia. Further, the ideal focal therapy patient has a tar- 
getable dominant lesion on either TRUS or MRI, or, in cases 
of hemiablation, cancer localized to only one side of the 
prostate. Other key considerations include patient morbidity, 
body habitus, anatomical issues, prostate volume and shape, 
as well as tumor stage, location, size, and multifocality. 

PCM301 was the pivotal phase HI randomized controlled 
trial comparing VTP to active surveillance, and led to the 
approval of VTP with WST-11 by the European Medicines 
Agency in 2017. This study focused on men with low-risk, 
but not very low-risk, prostate cancer with no previous treat- 
ments [2, 3]. Men were eligible if they had one core of can- 
cer that was free of Gleason pattern 4 or 5, provided that the 
cancer core length was between 3 and 5 mm. Men with 2-3 
positive cores were also included, but the cancer core length 
could not exceed 5 mm. All patients had clinical stage <T2a, 
prostate-specific antigen (PSA) < 10 ng/mL, and prostate 
volume 25-70 mL. All men also underwent pre-treatment 
MRI to visualize any clinically significant tumors. 

PCM204 is a single-arm phase IIb study at Memorial 
Sloan Kettering Cancer Center currently recruiting patients 
with low-volume intermediate-risk prostate cancer and no 
previous treatments. The inclusion criteria are similar to 
PCM301 (clinical stage <T2a, PSA < 10 ng/mL, prostate 
volume 25-70 mL), except that PCM204 focuses on patients 
with Gleason 3 + 4 disease on only half of the prostate gland 
in no more than 2 sextants of the prostate gland and not pres- 
ent in >50% of any one core. 


Oncologic Outcomes After VTP 


There have been several phase I and II trials which have 
examined treatment parameters and have demonstrated the 
feasibility, safety, and oncologic control of VTP using WST- 
11 for localized low-risk prostate cancer [16, 17]. In 83 men 
with low-risk prostate cancer treated with VTP (4 or 6 mg/kg 
WST-11 based on prostate size, and 200 or 300 J/cm light), 
MRI was used to assess treatment effect at 7 days, and rou- 
tine prostate biopsies were performed at 6 months [16]. The 
mean percentage of necrosis by MRI at 7 days was 78%, and 
61/83 (74%) men had negative prostate biopsies at 6 months. 
Of patients who received 4 mg/kg WST-11 and 200 J/cm 
light (unilateral), 38/46 (83%) had negative biopsies, and the 
mean 7-day necrosis percentage increased to 88%. The light 
density index (LDI), the ratio between the total length of illu- 
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mination tips of the fibers (cm) and the treatment volume 
(cc), is an important factor affecting the efficacy of VTP. Both 
the percentage of patients with a negative biopsy at 6 months 
and mean percentage of prostate necrosis at 7 days were 
higher in men treated with LDI >1 compared to those treated 
with LDI <1 (P < 0.001). 

In another study [17], 40 men with Gleason 3 + 3 prostate 
cancer received a single dose of 2, 4, or 6 mg/kg WST-11 
activated by 200 J/cm light at 753 nm. Posttreatment MRI 
showed maximal treatment effect (95% of the planned treat- 
ment volume) in men who had 4 mg/kg WST-11, 200 J/cm 
light dose, and LDI >1. In men treated with these parame- 
ters, 10/12 (83%) had negative biopsies at 6 months, com- 
pared to 10/26 (45%) men with negative biopsies who had 
either a different drug dose (N = 10) or an LDI <1 (N = 16). 
Taken together, these studies demonstrated a strong correla- 
tion between the total energy delivered and efficacy results, 
thus determining the optimal VTP treatment parameters for 
subsequent phase III studies: 4 mg/kg WST-11, 200 J/cm, 
and LDI >1. 

The European prospective randomized controlled phase 
III trial between 2011 and 2013 (PCM301) randomized 413 
men with low-risk, but not very low-risk, prostate cancer to 
either VTP or active surveillance [2]. The primary endpoints 
were treatment failure and the absence of cancer on biopsy at 
both 12 and 24 months. A total of 206 patients underwent 
VTP, and 207 patients were on active surveillance. Overall, 
compared to patients on active surveillance, fewer patients in 
the VTP group had evidence of disease progression (58 vs. 
28%, HR 0.34, P < 0.0001). Compared to men on active sur- 
veillance, men who underwent VTP had a higher negative 
biopsy rate at 24 months (14 vs. 49%, HR 3.7, P < 0.0001) 
and VTP prolonged time to progression to intermediate- or 
high-risk prostate cancer by approximately 14 months (28.3 
vs. 14.1 months, P < 0.0001). Patients who underwent VTP 
were also less likely than those on active surveillance to pro- 
ceed to radical therapy (6 vs. 29%, P < 0.0001). 

After conclusion of the study, patients were monitored 
with periodic biopsies according to the standard of care at 
their treatment institution. At 4-year follow-up, biopsy 
results and radical therapy rates were reviewed [3]. 
Conversion to radical therapy was once again less frequent in 
the VTP cohort than in men on active surveillance at 2 years 
(7 vs. 32%), 3 years (15 vs. 44%), and 4 years (24 vs. 53%, 
HR 0.31). Cancer grade and overall progression rates were 
significantly lower with VTP (HR 0.42), and Gleason 7 or 
higher cancer was less likely in men who received VTP than 
in men on active surveillance (16% vs. 41%, P < 0.001). The 
improvements in outcomes at 4 years constitute a clinically 
meaningful benefit with decreased treatment-related morbid- 
ity. Because of the results of PCM301, the European 
Medicines Agency approved WST-11 for patients with previ- 
ously untreated, unilateral, low-risk prostate cancer. 
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VTP has also been investigated in men with low-volume 
intermediate-risk prostate cancer [18]. A Latin American 
trial, PCM304, evaluated the efficacy of VTP hemiablation 
in men with low- and intermediate-risk prostate cancers, 
including those with bilateral Gleason 3 + 3 and 3 + 4 disease 
[19]. This study showed similar results to earlier phase II 
studies. In the intent to treat population (N = 81), 12 (15%) 
had Gleason 3 + 4 prostate cancer and 69 (85%) had Gleason 
3 +3. At 12 months, 60 (74%) men had negative biopsies. Of 
the 8 patients with Gleason 3 + 4 prostate cancer who had 
biopsies at 6 and 12 months, all had negative biopsies at 
12 months, and none underwent subsequent prostate cancer 
treatment during the study period. 

A single-center single-arm phase Ib study (PCM204) at 
Memorial Sloan Kettering Cancer Center is currently inves- 
tigating the efficacy, safety, and quality of life in patients 
with intermediate-risk prostate cancer after VTP. The study 
includes men with a histological diagnosis of Gleason 3 + 4 
on one half of the prostate in no more than 2 sextants of the 
prostate gland and not present in >50% of any one core; cT2a 
disease; prostate volume between 25 and 70 mL; and serum 
PSA < 10 ng/mL. After VTP hemiablation, all patients will 
be monitored for 5 years by clinical evaluation, PSA, and 
prostate biopsies at 3, 12, 24, 36, 48, and 60 months. The 
primary objective is to evaluate for Gleason grade 4 or 5 
prostate cancer at 12 months as detected by biopsy. The 
results of this study will provide meaningful information on 
medium-term oncologic outcomes in men with intermediate- 
risk prostate cancer treated with VTP. 


VTP Complications 


Clinical trials assessing VTP efficacy have also reported on 
the adverse effects of this treatment in detail [18]. In all pub- 
lished studies, VTP was well tolerated and typically had 
minimal transient effects on both urinary and erectile func- 
tioning. By minimizing the injury to adjacent structures, 
including the cavernous nerves and the neurovascular bun- 
dle, VTP can maximally preserve potency [18]. 

Most of the adverse events associated with VTP were 
expected, occurred either during or in the subsequent days 
following the procedure. In PCM301 [2], most complica- 
tions were grade | or 2 and resolved quickly without 
sequelae, including 29 (15%) men with perineal pain thought 
to be related to the procedure (needle placement or swelling 
of the prostate). The most common grade 3—4 adverse events 
were prostatitis (2%), urinary retention (2%), and erectile 
dysfunction (1%). Three men in PCM301 had adverse events 
that necessitated intervention, including two patients with 
urethral strictures requiring endoscopic dilatation and one 
patient with urinary incontinence requiring surgery. PCM304 
[19] reported a 9% incidence of grade 3 events, consisting 
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mainly of infectious, urinary, or gastrointestinal events; there 
were no grade 4 or 5 events. Erectile and urinary functions 
were minimally affected. Collectively, these studies have 
helped to demonstrate the safety of VTP in men with low- 
and intermediate-risk prostate cancer. However, further stud- 
ies will be needed to determine the long-term effects of VTP 
treatment. 


VTP Tips and Tricks 
Optimal Treatment Parameters 


Parameters for VTP using WST-11 for prostate ablation have 
been investigated in animal models with titration of illumi- 
nation energies and in men with low-risk prostate cancer in 
previous phase I/II studies described above [5, 6, 15, 16]. 
Optimal treatment with 4 mg/kg WST-11 activated by 
753 nm light at 200 J/cm and LDI >1 resulted in 95% of the 
planned treatment volume on MRI and a negative biopsy rate 
at 6 months in 83% of patients [16, 17]. 


Software Guidance 


TOOGUIDE TRUS is a software guidance system that is 
designed to provide patient-specific VTP therapy. It uses 
TRUS images to define the number, position, and illumina- 
tion length of the fibers in order to maximize the dose of light 
to the target while sparing the surrounding tissues. The soft- 
ware allows for a margin of at least 5 mm between the light 
delivery fibers and key structures such as the rectal wall, 
prostate apex, and urethra [12]. 


Follow-Up After VTP 


Follow-up after focal therapy is neither well-defined nor 
standardized [16]. Because focal therapy is a rapidly devel- 
oping field largely comprising single-center cohorts with 
minimal long-term follow-up, the optimal way to monitor 
patients after VTP remains to be determined [20]. As is done 
after RP, posttreatment PSA would be a convenient method 
for determining if the prostate gland was sufficiently ablated 
and if there is no evidence of residual local or distant disease. 
A review of the available series demonstrates that PSA at 
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1 month post-VTP may increase or decrease from baseline 
PSA (A change range: —1.2 to +0.9), but typically subse- 
quently decreases at the 3- (A —2.6 to —0.1) and 6-month 
intervals (A —2.1 to —0.8) [18]. A consistent rise in PSA may 
represent clinically significant residual disease that could 
warrant VTP re-treatment or other salvage therapies. 
Multiparametric magnetic resonance imaging (mpMRI) is 
another potential approach for the detection of residual pros- 
tate cancer. If performed, mpMRI should be performed 
3-6 months after VTP (allowing for any acute changes to 
subside) and then serially to assess for subsequent changes 
[15]. 

Prostatic biopsies provide critical information following 
ablation, as not all recurrences and their histological grading 
may be appreciated on imaging [18]. Targeted biopsy of the 
treatment zone should be performed at 3—6 months; suspi- 
cious lesions on mpMRI should also mandate a biopsy. 
Additionally, systematic biopsy should be performed at later 
intervals. In histological diagnosis, residual disease and 
characteristic changes should be noted, and immunohisto- 
chemistry of key molecular markers may be helpful in 
detecting residual disease of indeterminate histology. 


Radical Prostatectomy After VTP 


Studies have investigated the feasibility and complications 
associated with salvage RP following VTP (Table 17.1) [21, 
22]. A recent retrospective series of 45 patients who under- 
went salvage RP for recurrent prostate cancer after VTP 
reported a median operative time of 180 minutes and median 
blood loss of 200 mL [21]. Surgeons indicated that the RP 
was “easy” for 29 (69%) patients and “difficult” in 13 (31%). 
Nerve-sparing technique was performed in 14 (33%) 
patients, and the positive surgical margin rate was 31%. 
Overall, the complication rate was 12% (2 patients with 
grade 1, 2 with grade 2, and 1 with grade 3). At 1 year, 27 
(64%) patients were completely continent (no pads), and 10 
(24%) had minimal incontinence (1 pad). Four (11%) 
patients recovered potency without treatment, and 23 (64%) 
with appropriate treatment. 

Another series of 19 patients who underwent RP after 
VTP had a median operative time of 150 minutes and median 
urethral catheterization time of 7 days [22]. Three (16%) 
patients had perioperative complications including one pel- 
vic hematoma, one perioperative transfusion, and one super- 


Table 17.1 Summary of series describing radical prostatectomy following VTP therapy 


Series Sample size Median OR time 
Pierrard et al. (2018) [21] 45 180 minutes 12% 
Lebdai et al. (2015) [22] 19 150 minutes 16% 


Complication rate 


Incontinence rate Erectile function recovery Follow-up 


None: 64% Without treatment: 11% 12 months 
Minimal: 24% With treatment 64% 
None: 68% With treatment: 53% 10 months 


Minimal: 26% 
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ficial wound infection. After a median follow-up of 
10 months, 13 (68%) patients were completely continent, 5 
(26%) required <1 pad/day, and 1 (5%) required 3 pads/day. 
Severe erectile dysfunction was observed before and after 
RP in 8 and 18 patients, respectively, and 10 patients regained 
potency with treatment. Both studies suggest that salvage RP 
after VTP treatment is feasible and safe without significant 
issues. 


Conclusion 


The treatment of men with localized prostate cancer with focal 
therapy continues to evolve with ongoing clinical trials with 
longer follow-up. The encouraging results from a phase III 
clinical trial have demonstrated promising initial use of VTP 
hemiablation with WST-11 in men with low-risk prostate can- 
cer. Patients randomized to VTP were more likely to have 
higher negative 24-month biopsies and were less likely than 
those randomized to active surveillance to proceed to radical 
treatment (either surgery or radiation). As VTP is migrating 
into the realm of intermediate-risk disease, the results of ongo- 
ing clinical trials will guide future clinical applicability. Due 
to its non-thermal mechanism of action, minimal effects on 
functional outcomes, and support by level | evidence from the 
only RCT within the focal therapy literature, VTP holds sig- 
nificant promise as the focal therapy of choice over other 
modalities for men with localized prostate cancer. 
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History of Brachytherapy 


The term brachytherapy comes from brachy, meaning short, 
and involves placing a radioactive source very close to a 
tumor. Compared to external beam treatment, brachyther- 
apy offers several advantages including a steep dose gradi- 
ent which allows for a high dose to be delivered near a 
source, and low to no dose a few centimeters away. 
Additionally, brachytherapy is typically an outpatient pro- 
cedure that can be completed in a single visit and allow the 
patient to resume normal activity within 24 hours. 
Brachytherapy was first introduced in the 1920s after the 
introduction of radioactive materials and initially involved 
temporary radium needle implants [1]. Permanent implanta- 
tion gained favor in 1965 upon the introduction of radioac- 
tive iodine ('*1); however, poor dose distribution and high 
recurrence rates resulted in this approach falling out of favor 
[2]. In 1983, Holm et al. published the first report of the use 
of transrectal ultrasonography to guide transperineal inser- 
tion of "I sources into the prostate ushering in the modern 
era of prostate brachytherapy [3]. 

Over the years the use of brachytherapy has rapidly 
expanded with improved real-time imaging techniques, as 
gains in the therapeutic ratio of prostate brachytherapy are 
achieved with meticulous spatial selection of target volumes. 
Modern image-guided technologies, especially high-clarity 
ultrasound, multiparametric magnetic resonance imaging 
(MRI), image fusion, and deformable registration, can help 
the radiation oncologist achieve high precision in the deliv- 
ery of radiation sources to the target volume and permit 
avoidance of adjacent normal tissues. 
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Epidemiology 


Prostate cancer is the most commonly diagnosed visceral 
cancer in men with an estimated 1.3 million new cases diag- 
nosed a year and the seventh leading cause of male cancer 
death resulting in 366,000 prostate cancer deaths annually. In 
2018, there were approximately 165,000 new prostate cancer 
diagnoses and approximately 29,000 prostate cancer deaths 
in the United States [4]. While the lifetime risk of developing 
prostate cancer is 16%, the risk of dying from prostate cancer 
is only 2.9%, as upwards of 92% of cases are diagnosed in 
the locoregional stages [5]. Mortality has been declining 
since 1990, reflecting the use of screening prostate-specific 
antigen (PSA) and improvements in treatment [6]. 


PSA Screening 


Published randomized trials comparing the mortality out- 
comes of a screened group versus a non-screened group 
showed conflicting results, and controversy persists regard- 
ing screening [7, 8]. However, both studies suggested a high 
rate of overdetection and overtreatment. The American 
Urological Association (AUA) updated its guidelines in 2013 
and recommends screening for prostate cancer in some men. 
Screening in men under 40 is not recommended, and screen- 
ing for men 40-54 should not be generally performed but can 
be considered for patients with risk factors such as a positive 
family history or being of African American race. For men 
aged 55-69 years old and men 70 and over in excellent 
health, the AUA strongly recommends PSA screening after 
shared decision-making between the physician and the 
patient. There is no role for PSA screening in men older than 
70 years old with a life expectancy less than 10-15 years. 
The US Preventive Services Task Force (USPSTF), issued 
similar recommendations in 2018 for men 55-69 years old, 
however, recommended against screening men 70 years and 
older [9]. PSA screening can be done once every 2 years to 
reduce overdiagnosis and false-positive findings but should 
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be individualized based on baseline PSA level. Therefore, 
specific patient recommendations emphasize an informed 
discussion of the risks and benefits of prostate cancer screen- 
ing prior to biopsy and the option of active surveillance, 
instead of treatment for certain patients with prostate 
cancer. 


Patient Evaluation 


All potential candidates for brachytherapy should undergo a 
thorough history and physician examination including digi- 
tal rectal examination. Any prior urologic surgery, including 
prior open or transurethral resection of the prostate, prostate 
needle ablation, or microwave therapy, should be noted. Any 
history of medicines for urinary obstructive symptoms 
should be considered. Sexual activity and potency should be 
thoroughly reviewed and considered in the context of man- 
agement options. Prior oncologic history and treatments, 
especially for pelvic malignancies, should be considered, 
including prior history of chemotherapy or radiation therapy. 
Prior orthopedic surgeries or congenital malformations of 
the pelvis and lower extremities that can affect the ability to 
position the patient in a dorsal lithotomy position should be 
considered. Other relative contraindications to radiation 
therapy, especially inflammatory bowel disease and connec- 
tive tissue disorders, should be carefully documented. When 
possible, using validated instruments such as the International 
Prostate Symptom Score (IPSS), the International Index of 
Erectile Function (IEF) score, and the Expanded Prostate 
Cancer Index Composite for Clinical Practice (EPIC-CP) to 
evaluate urinary function, erectile function, and gastrointes- 
tinal function should be utilized by the clinician. Finally, the 
clinician must confirm that appropriate oncologic informa- 
tion has been obtained, including appropriately performed 
biopsy documenting adenocarcinoma within the past 12 
months, full documentation of pathologic information 
including Gleason score, pretreatment PSA, and appropriate 
tests to complete clinical staging including digital rectal 
examination. All patients should be assigned an American 
Joint Committee on Cancer (AJCC) stage and National 
Comprehensive Cancer Network (NCCN) risk group 
classification. 


Risk Stratification 


Once the diagnosis of prostate cancer is made, a staging 
workup ensues in order to provide additional prognostic 
information for risk stratification, which may assist in 
management decisions. The NCCN Version 2.2019 pro- 
vides recurrence risk stratification among patients with 
clinically localized disease based on PSA level, Gleason 
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score, clinical stage, and biopsy specifics including the 
number and extent of cancer involvement in the biopsy 
cores. The eighth edition of the AJCC/UICC staging sys- 
tem has incorporated extent of the primary tumor (T), 
lymph node involvement (N), presence or absence of dis- 
tant metastases (M), PSA, and histologic grade based on 
Gleason score into a stage/prognostic group system 
(Table 18.1). Imaging of the pelvis with computerized 
tomography (CT) or magnetic resonance imaging (MRI) is 
recommended for patients with T3/T4 disease or T1-T2 
disease with a nomogram indicating probability of lymph 
node involvement >10%. A bone scan is recommended for 
patients with any of the following, T1 disease and a PSA 
>20 ng/mL, T2 disease and a PSA >10 ng/mL, or any T3/4 
disease, or patients who report symptoms indicative of 
bony metastatic disease. 


General Treatment Strategies 

Selecting Patients for Brachytherapy 

When deciding whether to use brachytherapy, either alone 
or in combination with EBRT, it is useful to consider pre- 


treatment urologic symptoms and prostate size. Acute uro- 
logic symptoms may also be more severe with brachytherapy, 


Table 18.1 Prostate cancer TNM prognostic stage groups AJCC 
UICC eighth edition 


And Then the 
When T AndN AndM PSA And grade stage group 
See Sees I oeo group is... is... 
cTla-c, NO MO <10 1 I 
cT2a 
p12 NO MO <10 il I 
cTla-c, NO MO >10 1 IIA 
cT2a, pT2 <20 
cT2b-c NO MO <20 1 IIA 
T1-2 NO MO <20 p IIB 
T1-2 NO MO <20 3 UE 
T1-2 NO MO <20 4 HC 
T1-2 NO MO >20 14 MA 
T3-4 NO M0 Any 1—4 HNB 
Any T NO M0 Any 5) IC 
Any T N1 MO Any Any IVA 
Any T AnyN MI Any Any IVB 


Used with permission of the American Joint Committee on Cancer 
(AJCC), Chicago, IL. The original source for this material is the AJCC 
Cancer Staging Manual, eighth edition (2017) published by Springer 
International Publishing. Corrected at 4th printing, 2018 

NOTE: When either PSA or grade group is not available, grouping 
should be determined by T category and/or either PSA or grade group 
as available 

TNM tumor, node, metastasis, AJCC American Joint Committee on 
Cancer, UICC Union for International Cancer Control, PSA prostate- 
specific antigen 
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which makes it less ideal for patients with significant 
symptoms of benign prostatic hypertrophy (BPH) and those 
with large glands, the general cutoff being 50-60 cubic 
centimeters. Urinary symptoms are commonly rated using 
the AUA IPSS, which is the same as the BPH symptom 
score but with a quality-of-life (QOL) question added. In 
the phase III trial, RTOG 0815, patients with an AUA score 
of greater than 15 are not candidates for brachytherapy, and 
the size cutoff is less than 60 g. Also, a history of transure- 
thral resection of the prostate (TURP) is considered a rela- 
tive contraindication for brachytherapy because of the 
increased risk of urethral toxicity, including incontinence 
[10]. Other factors that may contribute to higher acute tox- 
icity include a greater number of needles used to do the 
implant and the use of hormonal therapy [11]. 

The American Brachytherapy Society recommends the 
following absolute contraindications to TRUS-guided PPB 
(permanent prostate brachytherapy): limited life expec- 
tancy (5—10 years), unacceptable operative risks including 
poor suitability for general or spinal anesthesia including 
the need for continuous anticoagulation, presence of distant 
metastases, anatomic or surgical absence of the rectum 
such that TRUS guidance is not possible, large TURP 
defects which preclude seed placement and acceptable 
radiation dosimetry, and a history of ataxia-telangiectasia. 
Recommended relative contraindications include IPSS 
>20, history of prior pelvis radiotherapy, prior TURP, 
prominent median lobe architecture, prostate volume >60 
cubic centimeters, and history of inflammatory bowel dis- 
ease [12]. It is emphasized that published reports demon- 
strate excellent clinical results in patients with relative 
contraindications if meticulous patient selection is used 
and treatment is performed by an experienced brachyther- 
apy team in a multidisciplinary environment. 


Prostate Gland Size 


A higher rate of treatment-related morbidity, most often 
acute urinary retention, is observed in patients with prostate 
glands larger than 50-60 cm? [13, 14]. For HDR brachy- 
therapy there are a number of reports that describe success 
treating larger glands and size may be less of a restriction 
[15]. A brief course of neoadjuvant androgen deprivation 
therapy (ADT) can be utilized to reduce the volume of the 
prostate to make brachytherapy feasible [16, 17]. The AUA 
(American Urological Association)/ASTRO (American 
Society for Radiation Oncology)/SUO (Society of Urologic 
Oncology) and ASCO (American Society of Clinical 
Oncology) all support a 3-month course of ADT which 
should correspond to a 30% decrease in prostate volume 
[18]. Despite this decrease in volume, retrospective findings 
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have found no improvement in urinary morbidity or differ- 
ence in oncologic outcome [19, 20]. 


Isotopes 


For low-dose rate (LDR) brachytherapy, three radioactive 
isotopes, 103Pd, 125I, and cesium-131 (!3!Cs), are commer- 
cially available with excellent technical and clinical support- 
ing data [21]. The choice of radionuclide is largely dependent 
on clinician experience with the source. Depending on the 
specific isotope selected, the radiation dose is emitted over a 
period of several months (Table 18.2). While isotope dose 
rate has been postulated to confer a radiobiological advan- 
tage based on different grade of disease doubling times, there 
has been no data to suggest isotope selection has an impact 
on biochemical outcome for the treatment of prostate cancer 
[22]. The average energy of each of the isotope is compara- 
ble, and this results in a similar dose distribution. The differ- 
ence in dose prescribed is a function of half-life. There have 
been several studies comparing the toxicity profile between 
these sources. In a randomized trial which assigned 352 
patients to either I-125 (144 Gy) or Pd-103 (125 Gy), those 
treated with Pd-103 had earlier and more intense onset of GI 
symptoms with faster resolution when compared to I-125, 
which was consistent with differences between the two iso- 
tope half-lives [23]. The comparable morbidity when utiliz- 
ing various isotopes has also been confirmed in multiple 
large retrospective studies [22, 24]. 

For high-dose rate (HDR) brachytherapy, Ir-192 and Co-60 
are the two radioactive isotopes classically used. IR-192 
(192Ir) is by far the most commonly used isotope in North 
America and has a half-life of 73.8 days and an average pho- 
ton energy of 380 keV [25]. Co-60 is more so used in Europe 
and has a long half-life of 5.3 years, allowing for the source to 
be replaced less frequently. The average photon energy of 
Co-60 is 1.17-1.33 MeV causing shielding to be a greater 
issue, and higher integral dose to the rest of the body. Dose 
distribution around the implant is however comparable [26]. 


Table 18.2 Common isotope properties 


Palladium-103 Iodine-125 = Cesium-131 
Radionuclide (Pd) (21D) CIES) 
Year introduced 1986 1965 2004 
Half-life (days) 17.0 59.4 9.7 
Average energy 20.7 28.4 30.4 
(keV) 
Typical seed 1.1-2.2 0.3-0.6 2.5-3.9 
strength (mCi) 
Monotherapy dose 115-130 140-160 100-115 
range (Gy) 
Boost dose range 80-110 100-110 70-80 
(Gy) 
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Common Treatment Strategies for Localized 
Prostate Cancer 


General treatment strategies for early-stage prostate cancer 
include radical prostatectomy, external beam radiation ther- 
apy, brachytherapy, androgen deprivation therapy, and active 
surveillance per NCCN Version 2.2019 guidelines for pros- 
tate cancer treatment. External beam radiation therapy, 
brachytherapy, and androgen deprivation therapy are often 
used as bi- or trimodality therapy combinations based on the 
aggressiveness of the disease in terms of the probability of 
locoregional spread. 


Role of Brachytherapy in Prostate Cancer 
Treatment 


Prostate cancer patients with localized, organ-confined dis- 
ease or limited extraprostatic extension are candidates for 
prostate brachytherapy. Table 18.3 summarizes general treat- 
ment guidelines for patients to be treated with brachytherapy. 
Patients with NCCN low-risk group disease are candidates 
for brachytherapy as monotherapy, patients with intermediate- 
risk group disease are candidates for brachytherapy with or 
without supplemental external beam radiotherapy, and 
patients with high-risk group disease should receive supple- 
mental external beam radiotherapy and androgen deprivation 
therapy [12]. 


Combination External Beam Radiation 
Therapy and Brachytherapy 


Uncertainty exists in the intermediate-risk group as to the 
optimal use of LDR brachytherapy whether in conjunction 
with external beam radiation or ADT due to the heteroge- 
nous clinical outcomes observed within this risk group [27]. 
In theory, the higher incidence of extracapsular extension 
and seminal vesicle invasion in intermediate- to high-risk 
patients is more adequately covered by EBRT than brachy- 
therapy, which is the rationale for combining EBRT and 
brachytherapy alone in these patients. On the other hand, 
certain intermediate-risk patients are likely to be candidates 
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for brachytherapy alone. In a retrospective review of 668 
brachytherapy patients, there was no statistically signifi- 
cant difference in the 8-year actuarial biochemical relapse- 
free survival (BRES) between low- and intermediate-risk 
patients, 98.4 and 98.2%, respectively. These data sug- 
gest that most intermediate-risk patients have a low risk of 
micrometastatic disease in the pelvis. Even though the risk 
of extracapsular disease is higher in these patients, these 
areas may be adequately covered by an implant, since most 
extracapsular disease is located within 5 mm of the prostate 
capsule. In another series of combination therapy, where 
63.4% of the intermediate-risk patients had 50% or more 
positive biopsy needle cores, there was an 80% 15-year 
BRFS [28]. These data suggest excellent long-term control 
with the combined approach. However, despite high con- 
trol rates, the additional use of EBRT may be detrimental 
in terms of higher rates of morbidity. RTOG 0232, a ran- 
domized phase III trial comparing combined external beam 
radiation and transperineal interstitial permanent brachy- 
therapy with brachytherapy alone for selected patients with 
intermediate-risk prostatic carcinoma, recently showed 
a lack of benefit of supplemental EBRT [29]. Therefore, 
additional pathologic factors, such as number or percent- 
age of positive cores, may be helpful to determine whether 
or not combination treatment should be used. Subgroups 
of “favorable” and “unfavorable” intermediate-risk disease 
may help guide decision-making, and LDR brachytherapy 
monotherapy alone appears to be a reasonable treatment 
option for patients with favorable intermediate-risk pros- 
tate cancer [30]. 

In most recent ASCO/CCO guidelines for patients with 
intermediate- and high-risk disease receiving EBRT, brachy- 
therapy boost (LDR or HDR) should be offered to eligible 
patients [18]. Combination of brachytherapy with EBRT and 
ADT may improve outcomes when compared to other surgi- 
cal and non-surgical treatment options [31, 32]. Supplemental 
EBRT can be given either prior to or following brachyther- 
apy to a dose of 20-50.4 Gy in 1.8—2.2 Gy fractions, to help 
ensure adequate dose coverage to regions that are not ade- 
quately treated with permanent prostate brachytherapy or 
deliver dose to the seminal vesicles and pelvic lymph nodes 
that are inaccessible with brachytherapy and may harbor 
micrometastases. 


Table 18.3 Suggested treatment algorithm for low-, intermediate-, and high-risk prostate cancer to be treated with brachytherapy as recom- 


mended by the American Brachytherapy Society 


NCCN low-risk group NCCN intermediate-risk group © NCCN high-risk group 


Brachytherapy as monotherapy Favored 
Combination brachytherapy and external beam radiation 


Inclusion of androgen deprivation 


Data from the American Brachytherapy Society 


Not recommended 
Not recommended* 


Optional Not recommended 
Optional Optional 
Optional Favored 


“Unless for short-term administration to achieve appropriate volume reduction to allow for implant 
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Focal Brachytherapy 


Due to the multifocal nature of prostate cancer, the use of 
any definitive radiotherapy has included the whole prostate 
gland as a target volume. With the advent of PSA screening 
and advanced imaging techniques, outlined above, which 
improve staging and finely hone risk group stratification, 
whole-gland treatment may represent overtreatment of low- 
grade, well-defined disease. Therefore, the concept of focal 
brachytherapy is being explored for patients with unifocal 
dominant lesions with the assumption that the dominant 
lesion is responsible for total tumor volume, risk of recur- 
rence, and Gleason score [33]. In addition to brachytherapy, 
a variety of other focal ablative approaches are being 
explored, including photodynamic therapy, high-intensity 
ultrasound, cryotherapy, and thermal laser ablation. 


Imaging Correlations with Emphasis 
on Image Fusion Guidance 


Only recently has imaging played a significant role in the 
diagnosis and staging of localized prostate cancer. 
Historically, bone scans and CT scans were used to assess for 
pelvic nodal metastases and distant metastatic disease, but 
there was little role for imaging to evaluate the primary 
tumor. However, with the influx of modern technologies, 
such as high-resolution ultrasound and multiparametric 
MRI, the primary tumor site can be anatomically and onco- 
logically well characterized, leading to better staging and 
risk stratification of patients, refining the intraoperative 
interventional management of these patients. Accurate defi- 
nition of the location of the tumor in the prostate gland both 
improves the staging of prostate cancer and advises the 
patient’s management team regarding decisions for optimal 
treatment approach. 


Imaging Correlations 


Transrectal ultrasound (TRUS) was the first modality widely 
implemented to evaluate the local extent of prostate cancer 
and remains the most widely used imaging modality for 
biopsy guidance and image-guided treatments including 
brachytherapy source placement. However, even with 
improvements in ultrasound technology such as color 
Doppler, color power Doppler, microbubble contrast 
enhancement, and ultrasound elastography, TRUS is unable 
to reliably differentiate prostate cancer from normal prostate 
glandular tissue, and TRUS-guided biopsy can miss up to 
one-third of clinically significant prostate cancers [34, 35]. 
MRI of the prostate gland was first performed in the mid- 
1980s with excellent anatomic visualization [36]. The 
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T2-weighted images provide excellent spatial resolution and 
can differentiate the more hyperintense peripheral from the 
lower signal intensity central and transition zones. In the T2 
images, a focus of prostate cancer can appear with low signal 
intensity in the area of hyperintense parenchyma of the nor- 
mal peripheral zone [37]. Hypointense lesions can also rep- 
resent foci of benign hyperplasia, prostatitis, focal prostate 
atrophy, or post-biopsy hemorrhage or similar processes. 
The degree of signal reduction in a cancer lesion correlates, 
in some cases, with the grade and growth pattern of the tumor 
[38, 39]. T2-weighted MRI also offers the enormous benefit 
of assessing the extent of local disease. Extracapsular exten- 
sion can be identified through asymmetry of the neurovascu- 
lar bundles, obliteration of the rectoprostatic angle, irregular 
bulging of the prostatic margin, and low-signal tumor in the 
periprostatic fat. Seminal vesicle invasion can be similarly 
identified. Figure 18.1 demonstrates a T2 hypointense lesion 
with extracapsular extension. 

More recently, the ability to obtain functional information 
from the MRI refined prostate cancer diagnosis and stag- 
ing. Specifically, dynamic contrast-enhanced MRI (DCE- 
MRI), diffusion-weighted MRI (DW-MRI), and proton 
magnetic resonance spectroscopic imaging (MRSI) are all 
becoming more widely used in the evaluation of a potential 
prostate brachytherapy patient. DCE-MRI is able to detect 
changes in the local vasculature as prostate tumors secrete 
pro-angiogenic agents, such as vascular endothelial growth 
factor, leading to recruitment of neovasculature, increased 
vascular permeability, and increase in volume of the tumor 
interstitial space [40, 41]. With microcompartmental mod- 
eling, the time versus intensity curves of contrast enhance- 
ment can be plotted, and the parametric images can be fused 
with T2-weighed images. DWI-MRI is based on the ther- 
mally induced ransom molecular displacement (Brownian 


Fig. 18.1 MRI demonstrating a T2 hypointense lesion with extracap- 
sular extension 
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motion). An organ’s diffusion properties are related to the 
amount of interstitial free water and tissue permeability. 
A prostatic neoplasm generally has more restricted diffu- 
sion due to higher cell densities and cancer cell membrane 
characteristics [42]. MRSI provides metabolic information 
by determining the chemical concentration of various com- 
pounds and metabolites in the prostate architecture. In pros- 
tate cancer, the choline-to-citrate ratio is generally used to 
identify lesions that are at high risk of representing prostate 
cancer [43]. 

Each of the MRI techniques offers distinct advantages 
and limitations, so the ideal use of MRI in prostate cancer 
is to use a combined multiparametric MRI (mpMRI) 
approach, where information from each technique is used 
to complement the information gained from the others. 
Modern software algorithms are able to register and fuse 
the information from different techniques to allow func- 
tional and anatomic co-localization. Typical mpMRI 
sequences include T1- and T2-weighted images combined 
with functional imaging techniques. There is increasing use 
of mpMRI in the diagnosis and staging of prostate cancer, 
but no formal recommendations of guidelines are available 
[44]. Efficient detection of prostate cancer is improved with 
performing targeted biopsies with MRI guidance, and sam- 
pling of the most abnormal area on a prostate MRI is likely 
to yield a positive diagnosis of prostate cancer [45, 46]. 
Accurate delineation of the prostate cancer lesions improves 
patient staging and also informs important brachytherapy 
treatment decisions regarding the need for supplemental 
external beam radiation therapy or androgen deprivation 
therapy. 


Intraoperative Imaging 


TRUS has been the mainstay imaging modality for intraop- 
erative brachytherapy imaging and treatment planning due to 
its portability, ease of use, low cost, and safety. Suboptimal 
source placement, in the past, was frequently a result of poor 
TRUS imaging during the procedure, a problem that is being 
mitigated with improvements in ultrasound technology and 
the ability to fuse ultrasound images with other modalities 
including CT and MRI. 

Several institutions are exploring the concept of focal 
boost treatment strategies, where the whole prostate gland is 
treated but areas of dominant tumor are given a boost dose. 
In local failures after primary radiation therapy, there is a 
body of evidence that suggests the local recurrence happens 
at the dominant tumor locations [47, 48]. A focal brachy- 
therapy boost could improve the therapeutic ratio of brachy- 
therapy treatments by dose-escalating areas of bulky tumor 
while still allowing minimal increased dose to adjacent nor- 
mal tissues. 
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Postoperative Dosimetry 


A successful prostate implant demonstrates adequate cover- 
age of the prostate gland and limitation of dose to adjacent 
normal tissues including the rectum, bladder, urethra, and 
neurovascular bundles. As detailed above, the ABS recom- 
mends post-implant dosimetry for all patients undergoing 
prostate brachytherapy. In this process, implanted sources 
are localized and correlated with prostatic anatomy to calcu- 
late the dosimetric parameters of interest. This process 
allows the radiation oncologist to correct systematic defi- 
ciencies in overall implant technique while identifying 
patients who are at risk for local failure or toxicity develop- 
ment. It is acknowledged that given the real-time nature of 
brachytherapy, there will be spatial variation in source place- 
ment from the intraoperative plan to the post-plan, and there- 
fore a range of post-plan variabilities is to be anticipated. 

The first published report of CT for post-implant dosim- 
etry was in the 1990s, which allowed for the representation 
of organ and dose distribution together in spatial registration 
[49]. In contemporary practice, CT is recommended to eval- 
uate post-implant dosimetry and is used in the vast majority 
of cases [50]. While CT is inexpensive and widely available 
and allows for easy identification for implant prostate seeds, 
it is not optimal for identification of the periphery of the 
prostate, particularly at the apex and base of the gland. 
Several authors have reported large uncertainties in prostate 
contours in post-implant CT scans [51]. Additionally, the CT 
volume is generally different from the intraoperative volume 
and remains a confounding issue in the analysis and report- 
ing of dosimetric outcomes [52]. 


Techniques 


Brachytherapy of the prostate can be performed with a 
high-dose rate technique or a low-dose rate technique. LDR 
brachytherapy is an outpatient, minimally invasive, inter- 
ventional procedure with a rapid recovery and ability to 
return to normal activities in a short period of time. Implant 
is commonly performed under general anesthesia, but has 
been performed with the use of spinal or local anesthesia 
(53, 54]. 

In LDR prostate brachytherapy, permanent radioactive 
sources are placed in the prostate gland which deliver a cer- 
tain amount of radiation before becoming nonradioactive. 
HDR brachytherapy is similar but may require a short inpa- 
tient stay and is performed with a temporary insertion of a 
high-dose radioactive source. Various interventional 
approaches regarding brachytherapy have been published 
with small differences in technique. There is not a uniformly 
accepted best defined approach nor a medicolegally defined 
standard for LDR or HDR brachytherapy. LDR brachyther- 
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Fig. 18.2 Transrectal ultrasound-guided approach with needle deliv- 
ery template used for prostate brachytherapy 


apy is defined by the use of a radiation source with a dose 
rate of less than 2 Gy per hour. Modern PPB techniques 
using ultrasound guidance and template-based placement of 
applicator needles were developed over 25 years ago and are 
widely still in use [55, 56]. The standard approach for LDR 
seed implantation is to utilize a transperineal approach under 
TRUS guidance. Template guidance is used for needle place- 
ment. Figure 18.2 demonstrated the TRUS-guided transperi- 
neal approach with needle template in place. Some 
institutions use a preplanned approach, where a preoperative 
TRUS study is done to identify applicator needle and seed 
placement which is then later recreated in actual operative 
procedure. However, many centers are moving to an intraop- 
erative approach, where needles are placed real time in the 
operative room with source placement finalized during the 
procedure after applicator needles have been placed. The 
intraoperative approach allows for a dynamic, real-time 
application of brachytherapy sources and obviates the chal- 
lenging requirement to recreate the same patient and applica- 
tor anatomy used in the preplanning session. 

The TRUS system used for implantation should be capa- 
ble of biplanar imaging and provide high-resolution ultra- 
sonic frequencies between 5 and 12 MHz [21]. The system 
should be capable of displaying an electronic grid that is 
calibrated and synchronized with the transperineal template 
docked to the ultrasound probe. Dedicated FDA-approved 
brachytherapy planning software should be used for the 
planning portion of the brachytherapy procedure. There have 
been multiple reports for the use of intraoperative fluoros- 
copy to complement ultrasound imaging [57] and for intra- 
operative dose computation [58], although this fluoroscopy 
is neither standard nor necessary for LDR interstitial brachy- 
therapy. Similarly, there have been reports of intraoperative 
cone beam CT imaging (CBCT) for interventional guidance 
and for dose planning purposes. 


Fig. 18.3 Interstitial needles used for low-dose rate brachytherapy 
seed placement 


Fig. 18.4 Interstitial delivery needles on transrectal ultrasound-guided 
image 


During the procedure itself, the patient is anesthetized 
and placed in the dorsal lithotomy position. The perineum is 
sterilized and draped, and the testicles are retracted away 
from the perineum. The ultrasound probe is placed into the 
rectum, and adequate visualization of the prostate in the 
axial and longitudinal axes is confirmed. Applicator needles 
are placed into the prostate to facilitate delivery of the radio- 
active sources, as demonstrated in Fig. 18.3. Once applicator 
needles are placed, imaging is captured in the treatment 
planning system (Fig. 18.4), and a spatial reconstruction of 
the prostate, urethra, rectum, and other adjacent organs of 
risk is performed. Either a seed-loading pattern is then gen- 
erated with real-time planning or attempts are made to recre- 
ate the spatial arrangement of a preplan. Multiple effective 
strategies to source placement have been reported, including 
the use of a Mick applicator to place loose seeds individually 
[59] (Fig. 18.5), the use of preloaded needles where all the 


264 


Fig. 18.5 Mick applicator with seed cartridge for delivery of loose, 
low-dose rate brachytherapy seeds 


Fig. 18.6 Representative isodose lines from intraoperative planning 
for low-dose rate brachytherapy demonstrating excellent coverage 
while sparing the urethra 


sources in a given needle are prearranged and deployed in a 
single motion [60], and the use of afterloading techniques 
[61]. During placement of sources, a “modified peripheral” 
loading pattern is generally recommended, in which most 
seeds are placed at the periphery. The radioactive sources can 
be “loose” and placed one at a time or can be “stranded,” 
where all the seeds in a given needle are linked via a biore- 
sorbable polymer. The potential advantages and disadvan- 
tages of each approach have been reported, especially for 
loose seed migration with loose seed placement [62-71], but 
all approaches have been found to be safe and effective as 
long as appropriate dosimetric end points are ultimately met. 
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Generally recommended dose prescriptions for the plan- 
ning target volume have been published by the ABS and are 
delineated by specific radionuclide for monotherapy and 
boost treatment in Table 18.2 [12]. Figure 18.6 demonstrates 
representative isodose lines from the intraoperative treat- 
ment planning system. In general, compliance with the 
American Association of Physics and Medicine Task Group’s 
43 and 137 reports is highly recommended, which give spe- 
cific guidelines for treatment planning and dosimetric evalu- 
ation. There have been no prospective randomized trials to 
identify the optional dose and dosimetric evaluation of a 
prostate implant. Stock first reported the concept of D90 (the 
isodose encompassing 90% of the prostate) and its relation- 
ship to treatment outcome [72]. Numerous authors have also 
reported the predictive value of the V100, or the percentage 
volume of the prostate receiving 100% of the prescribed dose 
[73]. To minimize the risk of urethral toxicity, it is recom- 
mended that significant portions of the urethra do not receive 
greater than 150% of the prescribed dose [74]. The rectal 
volume receiving the prescription dose should be <1-2 cc 
[75]. At our institution, our primary intraoperative dosimet- 
ric goals used for our real-time, dynamic, and adaptive pro- 
cedure are D90 >100%, V100 >95%, rectal max >2 cc, UD10 
<150%, and UD30 <130%. CT-based postoperative dosime- 
try is recommended within the first 60 days after the implant 
(Figs. 18.7 and 18.8). 


Fig. 18.7 Postoperative CT demonstrating excellent geometry and 
placement of low-dose rate brachytherapy seeds within the prostate 
gland 
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Outcomes 


Five- and 10-year outcomes of brachytherapy monotherapy 
for patients with low-risk group disease range are on the 
order of 90% biochemical progression-free survival and 95% 
disease-specific survival. In this group of low-risk patients, 
several authors have performed retrospective analyses com- 
paring contemporary brachytherapy to external beam radia- 
tion therapy and/or radical prostatectomy, and similar results 
are noted regardless of modality [76-78]. Intermediate-risk 
group patients represent a wide range of clinical situations, 
and therefore it is common to see heterogeneity in reported 
outcomes, especially because intermediate-risk group defini- 
tion and patient selection criteria are different from series to 
series. Also, the use of androgen deprivation with brachy- 
therapy varies from center to center and affects the ability to 
report biochemical outcomes. Table 18.4 shows representa- 


Fig. 18.8 Postoperative CT with isodose lines confirming excellent 
coverage while sparing the urethra 
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tive studies for patients treated with brachytherapy as mono- 
therapy stratified by risk group. 


Results of Combination Therapy with EBRT 
and Brachytherapy 


The potential advantages of combination therapy, as a means 
to cover potential at-risk areas not adequately covered by 
brachytherapy alone, have been well reviewed in the litera- 
ture, and results are conflicting based on patient populations 
and clinical trial designs. In the phase III Radiation Therapy 
Oncology Group (RTOG) 0232 trial, 588 men with 
intermediate-risk disease were randomly assigned to EBRT 
(45 Gy in 25 fractions) with LDR boost (110 Gy !*I or 
100 Gy '8PD) or LDR alone (145 Gy !”I or 125 Gy !°PD). 
Preliminary results released in abstract form saw no signifi- 
cant difference in progression-free survival with EBRT and 
brachytherapy compared with brachytherapy alone [29]. 
The results of RTOG 0232 are in contrast to the benefit 
demonstrated with the addition of a brachytherapy boost to 
patients with intermediate- and high-risk prostate cancer in 
the Androgen Suppression Combined with Elective Nodal 
and Dose Escalated Radiation Therapy (ASCENDE-RT) 
trial. ASCENDE-RT, a phase III randomized trial consisting 
of 398 men with intermediate- (n = 122) or high-risk (n = 
276) disease, compared treating men receiving 12 months of 
ADT (8 months neoadjuvant) with either EBRT alone (78 Gy 
in 39 fractions) or EBRT (46 Gy in 23 fractions) + LDR 
brachytherapy (115 Gy with '*°I). Biochemical disease-free 
survival (BDFS) rates were significantly longer with the 
addition of brachytherapy (83% vs. 62% at 9 years). 
Assessment of 5-year cumulative late grade 3 toxicities was 
higher with the addition of brachytherapy, but no difference 
in grade 4 or higher effects were seen [32]. The results of 
ASCENDE-RT have led the American Society of Clinical 
Oncology to update its guidelines and recommendations. 
The current recommendation is as follows, “For patients 


Table 18.4 Results of brachytherapy monotherapy for prostate cancer patients 


Risk group Biochemical control 

Patients (%) (%) OS 
Study (N) Follow-up (y) Low Intermediate High Low Intermediate High Overall (%) 
Fellin et al. [79] 223 y 70 28 2 92 88 80 91 91 
Kittel et al. [80] 1989 10 61 30 5) 87 79 68 82 76 
Routman et al. [81] 974 6 gil 29 — 90 74 — 85 WS 
Morris et al. [82] 1006 10 58 42 — — — — 94 84 
Frank et al. [83] 300 5 — 100 — — 93 — 93 95 
Blasko et al. [84] 230 9 45 46 9 87 79 68 84 - 
Potters et al. [85] 1449 12 28) 38 29 91 80 66 81 - 
Henry et al. [86] 1298 10 44 33 14 86 77 61 72 — 
Zelefsky et al. [87] 2693 8 55 40 5 82 70 40 15 - 


OS overall survival 


266 


with intermediate-risk prostate cancer choosing EBRT with 
or without androgen-deprivation therapy (ADT), brachyther- 
apy boost (LDR or high-dose rate [HDR]) should be offered 
to eligible patients. For low-intermediate risk prostate cancer 
(Gleason 7, prostate-specific antigen, 10 ng/mL or Gleason 
6, prostate-specific antigen, 10 to 20 ng/mL) LDR brachy- 
therapy alone may be offered as monotherapy. For patients 
with high-risk prostate cancer receiving EBRT and ADT, 
brachytherapy boost (LDR or HDR) should be offered to eli- 
gible patients” [88]. 


Brachytherapy in the Salvage Setting 


Brachytherapy is also being evaluated as a salvage treatment 
in patients with recurrence after previous radiation and has 
been well reviewed in the literature (Table 18.5) [89-94]. 
Better understanding of dosimetric parameters from subopti- 
mal implants, along with more accurate assessment of poten- 
tial distant disease at the time of salvage treatment, has 
continued to improve salvage brachytherapy outcomes for 
locally recurrent prostate cancer. The efficacy and safety of 
treatment is currently under investigation in a phase II trial 
(RTOG 0526) with recent results showing a 14% rate of 
grade 3 toxicity in 87 eligible patients at a median of 23 
months [95]. Trends in the data have shown presalvage PSA 
values of less than 6 ng/mL or less than 10 ng/mL to be asso- 
ciated with better biochemical control rates [91]. A greater 
rate of late complications has also been seen when the inter- 
val from primary RT to salvage brachytherapy is less than 
4.5 years [93]. 


Table 18.5 Results of brachytherapy monotherapy as salvage treat- 
ment in patients with recurrence after previous radiation 


Patients Follow-up BRFS 


Author (n) (years) (%) Toxicity 
Wong et al. 17 4 1D G3 GU: 31%G4 
[89] (4 GU:6% 
years) 
Aaronson et al. 24 3 89.5 G2 GU: 29%G3 GI: 
[90] 3 4% 
years) 
Burri et al. 37 7 54 G3 GU: 8%G4 GI: 
[91] (IQ a 
years) 
Vargas et al. 69 5 74 G3 GU: 9% 
[92] (5 
years) 
Nguyenetal. 25 4 70 G34 GU: 
[93] (4 13%G3-4 GI: 30% 
years) 
Hsu et al. [94] 15 2 gail G2 GU: 33% 
(3 
years) 


BRFS biochemical relapse-free survival 
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Toxicity Grading 


In the immediate post-implant setting, the risk for periproce- 
dural infection is less than 5% when needles are inserted 
transperineally [96]. Approximately 2—10% of patients expe- 
rience transient urinary retention as a result of edema from 
needle placement, and may require temporary catheter place- 
ment, but this usually resolves over several hours [19]. 

By virtue of the anatomic location of the prostate, anterior 
to the rectum and posteroinferior to the bladder, treatment 
mainly results in acute urinary and rectal side effects. The 
urethra, running right through the gland, can hardly be 
avoided. Neurovascular bundles responsible for erectile 
function run alongside the right and left posterolateral apical 
aspects of the gland (Fig. 18.9). As a result of their location, 
these structures receive a relatively high dose of radiation 
therapy and sustain most of the collateral damage from treat- 
ment. Imaging plays a primary role in locating these struc- 
tures to assist in minimizing the planned dose and also 
maintaining precision of treatment delivery. The ultimate 
goal is to improve the therapeutic margin by increasing dose 
to the prostate while reducing dose particularly to the blad- 
der and rectum. 

Acute and late morbidities for lower gastrointestinal and 
genitourinary side effects are often cited and recorded fol- 
lowing prostate cancer treatment. The criteria for late effects 
are determined after the 90th day from the commencement 
of therapy. The Common Terminology Criteria for Adverse 
Events (CTCAE) provide a grading system that is frequently 
used to standardize reporting. Version 5.0, released in 
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Fig. 18.9 Prostate in situ (courtesy of Lucille Lee) 
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December 2017, includes a range of grades for various tox- 
icities. The grading system ranges from | to 5: asymptom- 
atic, symptomatic, severely altered function, life-threatening 
consequences, and death, respectively. Rectal toxicities 
include rectal fistula, hemorrhage, mucositis, necrosis, 
obstruction, pain, perforation, and ulcer. Urinary toxicities 
include urinary fistula, frequency, incontinence, retention, 
tract obstruction, tract pain, urgency, cystitis, and hematuria. 
Other adverse events that may apply to prostate cancer treat- 
ment include ejaculatory disorder and erectile dysfunction. 

Migration of seeds to the lungs has also been described as 
a potential complication of LDR brachytherapy; however, 
the clinical implications of this are unclear [65]. This risk 
can be mitigated through the use of stranded seeds [66]. 
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Biography 


In Memoriam: Professor João Bexiga Martins Pisco 
(1941-2019) 

After graduating from medical school in Coimbra, 
Portugal, Professor Pisco completed radiology residency in 
Lisbon in 1975. Between 1975 and 1976, he underwent fel- 
lowship training in cardiac radiology at the National Heart 
Hospital in London. From 1977 to 1980, he continued his 
career internationally as a fellow, instructor, and consultant 
radiologist at the University of Louisiana in the USA. 

Professor Pisco returned to Portugal in 1980 and estab- 
lished himself as one of the pioneers of his field; during his 
40 years of practice, he was responsible for the dissemination 
of interventional radiology throughout the country. He was 
director of the Radiology Department of the Hospital de 


The author “Jodo Bexiga Martins Pisco” is deceased 26 Mar 2019. 
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Santa Marta from 1980 to 1998 and then became director of 
the Radiology Department of the Hospital Pulido Valente 
from 1998 through 2005. Until his recent death, Professor 
Pisco served as head of the Interventional Radiology Unit at 
Hospital Saint Louis in Lisbon. 

The topic of his PhD thesis at the Nova Medical School, 
which he completed in 1990, included the vasa vasorum 
changes following percutaneous transluminal angioplasty and 
stent placement in experimental arterial stenoses in a canine 
model. This work was published in the Journal of Vascular and 
Interventional Radiology (JVIR) in 1993 and 1994. Many of 
his scientific research and publications in the 1980s and 1990s 
included case reports and retrospective cohort studies studying 
the earliest patients treated in Portugal with angioplasty and 
stent-placement as well as arterial and venous embolization. 
He was responsible for introducing many different interven- 
tional radiology techniques and procedures in the country, 
including percutaneous transluminal angioplasty, intra-arterial 
fibrinolysis, arterial and venous stent placement, arterial embo- 
lization, intra-arterial chemoembolization, inferior vena cava 
filter placement, and sclerotherapy for the treatment of varico- 
cele and pelvic venous congestion syndrome. 

He initially became known for his scientific research 
regarding arterial embolization for pelvic tumors in the 
1980s at the Hospital Santa Marta and developed a world- 
wide reputation for his research in the 1990s on uterine 
fibroid embolization. More recently, his work on prostatic 
artery embolization (PAE) beginning in 2009 established 
him as one of the international authorities in that technique. 
His work on uterine fibroid embolization (UFE) and PAE, 
which he developed at Hospital Saint Louis, was published 
in all major international radiology journals, including 
Radiology, European Radiology, JVIR, and Cardiovascular 
Interventional Radiology (CVIR), among others. He pub- 
lished over 200 research manuscripts, participated in over 
400 presentations at scientific meetings, published 6 text- 
books, and authored 78 book chapters. He also received 
many awards for his scientific research in PAE. In his last 
years, Professor Pisco generously hosted numerous interven- 
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tionalists from all over world who came to Lisbon to learn 
his PAE techniques. 

His daughter, Joana, described Professor Pisco as a hum- 
ble, kind, and stubborn human being who was one of the 
most intelligent people has she ever known. He was patient, 
hilarious, faithful, loving, caring, and thoughtful. Their paths 
would cross not only personally as father and daughter, but 
also professionally as mentor and inspiration to her own 
medical career. Joana said, “I cannot thank my father enough 
for what he has given us, me, and science. He made me want 
to be the best version of myself, and his legacy is something 
I hope to be able to live up to.” 

Joana points out that her father felt that the day before his 
passing was a special and meaningful one. He was receiving 
recognition for his brilliance and dedication to his life’s work. 
The context of his death was almost poetic. He was celebrat- 
ing his life’s work and sharing it with fellow colleagues. 


BPH Treatments Options 


Benign prostatic hyperplasia (BPH) consists of a proliferation 
of smooth muscle and epithelial cells within the transition zone 
of the prostate, leading to prostate enlargement (PE). BPH 
manifests clinically with lower urinary tract symptoms (LUTS) 
and bladder outlet obstruction (BOO) [1]. However, it can be 
difficult to make a direct link between BPH and LUTS. Many 
BPH patients don’t have any clinically relevant symptoms, 
even though BOO may be present. On the other hand, many 
LUTS are not related to BPH but to the bladder (detrusor over- 
activity or underactivity), bladder neck, urethra, or kidney 
(nocturnal polyuria) or neurological diseases [2]. 

Treatment strategies should be oriented to treat LUTS 
and not specific diseases or conditions. Many different 
treatment options exist, and the patient should have a cen- 
tral role in decision-making after being informed on the 
benefits and harms of treatment alternatives for LUTS sec- 
ondary to BPH [1, 2]. Selective arterial prostatic emboliza- 
tion (SAPE) has been shown to be an effective treatment 
modality to control gross hematuria in patients with BPH 
and prostate cancer [3]. 

Watchful waiting (active surveillance) is accepted for 
patients with mild symptoms or moderate-to-severe symptoms 
who are not bothered by their LUTS and have no complica- 
tions of LUTS and BOO (e.g., renal insufficiency, urinary 
retention, or recurrent infection). Medical therapy with alpha- 
blockers (alfuzosin, doxazosin, tamsulosin, and terazosin) is 
usually the first-line treatment option for men with bother- 
some, moderate-to-severe LUTS secondary to BPH. Alpha- 
blockers have a quick run-in period (up to a few weeks) and 
reduce the International Prostate Symptom Score (IPSS) by 
approximately 35—40% and increase the maximum urinary 
flow rate (Qmax) by approximately 20-25%, with long-last- 
ing results (at least 4 years). 5-Alpha-reductase inhibitors (fin- 
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asteride 5 mg or dutasteride 0.5 mg daily) may be used to 
prevent progression of LUTS secondary to BPH and to reduce 
the risk of urinary retention and future prostate-related surgery 
if the prostate volume is greater than 40 mL. The run-in period 
is approximately 3—6 months leading to a 15-30% decrease in 
IPSS, an 18-28% decrease in prostate volume, and a 1.5- 
2.0 mL/s increase in peak urinary flow rate (Qmax). 
Combination therapy  (alpha-blockers +5-alpha-reductase 
inhibitors) should be long-lasting (>1 year) in men with mod- 
erate-to-severe LUTS, enlarged prostates, and reduced Qmax 
(men likely to develop disease progression). Anticholinergic 
agents as monotherapy or in combination with an alpha- 
blocker are indicated for the management of predominantly 
irritative LUTS secondary to BPH in men without an elevated 
post-void residual (PVR) urine and without severe BOO. 
Phosphodiesterase 5 inhibitors (with or without alpha-block- 
ers) significantly and consistently reduce IPSS by approxi- 
mately 17-35% and increase Qmax by 3.74.3 mL/s (24-38%) 
and can be used for men with erectile dysfunction, failed 
alpha-blocker therapy, or pulmonary arterial hypertension or 
for those participating in LUTS clinical trials [1, 2]. 

Minimally invasive therapies (MISTs) include transure- 
thral needle ablation (TUNA) of the prostate and transurethral 
microwave thermotherapy (TUMT). Both techniques are 
effective in partially relieving LUTS secondary to BPH and 
may be considered in men with moderate or severe symptoms 
refractory to or refusing medical therapy. TUNA induces an 
IPSS reduction from 40% to 70% and Qmax increase from 
26% to 121%. However, 21.2% of patients require additional 
treatment after 5 years. TUMT induces an IPSS reduction of 
65% and a Qmax improvement of 70%; however, a cumula- 
tive risk of treatment failure of 58.8% at 5 years has been 
documented. Both MISTs are alternatives to transurethral 
resection of the prostate (TURP) for patients who wish to 
defer/avoid (complications of) TURP, but patients should be 
aware of significant re-treatment rates (low durability of 
results) and less improvement in symptoms and quality of life 
[1, 2]. Intraprostatic botulinum toxin or ethanol injections are 
considered experimental MIST and should be performed only 
in clinical trials. Transurethral incision of the prostate (TUIP) 
is another MIST limited to the treatment of smaller prostates 
(<30 mL), without significant median lobe. Prostatic urethral 
lift (PUL) has recently shown to be safe and effective to treat 
LUTS related to BPH. PUL has a lower LUTS and BOO relief 
when compared to TURP. Both procedures have similar effects 
on erectile function; however, PUL showed favorable ejacula- 
tory function scores. PUL is limited to prostates <80 mL in the 
absence of an obstructive middle lobe. Water vapor thermal 
therapy is another MIST limited to prostate glands <80 mL, 
which has recently been shown to be safe and effective, pre- 
serving erectile and ejaculatory function [1]. 

Surgical interventions are appropriate for moderate-to- 
severe LUTS refractory to medical therapy or when patients 
refuse medical therapy, for men under acute urinary retention 
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(AUR), or with other BPH-related complications (renal insuf- 
ficiency secondary to BPH, recurrent urinary tract infections 
(UTD, gross hematuria due to BPH, bladder stones, and blad- 
der diverticulum when associated with recurrent UTI or pro- 
gressive bladder dysfunction). Open prostatectomies may be 
indicated for men with very enlarged prostates (>80—100 mL), 
bladder diverticula, or stones. Mono- or bipolar TURP leads to 
an IPSS reduction of approximately 70%, a mean Qmax 
increase of 125% (9.7 mL/s), and re-treatment rates of 5.8, 
12.3, and 14.7% at 1,5, and 8 years of follow-up, respectively. 
Most relevant complications of TURP include bleeding requir- 
ing blood transfusion (2.9%), stress urinary incontinence 
(2.2%), bladder neck stenosis or urethral stricture (up to 5%), 
and retrograde ejaculation (65.4%) [2]. TURP is the current 
standard procedure for men with indication to undergo surgery 
and prostate sizes of 30-80 mL. TURP provides subjective and 
objective improvement rates superior to medical or MIST on 
the expense of higher morbidity. Transurethral laser surgery 
(holmium laser resection of the prostate, holmium laser enucle- 
ation of the prostate, transurethral side firing laser ablation, hol- 
mium laser ablation of the prostate, and photoselective 
vaporization) has similar clinical improvement and long-term 
complication rates to TURP but is able to treat patients with 
prostates larger than 80-100 mL. The shorter catheterization 
time and length of stay and decreased risk of perioperative 
complications (TUR syndrome, transfusions) must be weighed 
against the higher costs, long learning curve, and longer opera- 
tive times [1, 2]. Retrograde ejaculation can occur in 75-80% 
of patients after holmium laser enucleation (HoLEP) [2]. 


Imaging Evaluation 


Clinical assessment (with IPSS measurement) with digital 
rectal examination and PSA measurements with or without 
uroflow studies are considered first-line approaches. No ini- 
tial imaging is recommended in the standard patient [4]. 
Bladder ultrasound (US) may be useful to exclude bladder 
cancer, stone, or diverticulum and to evaluate the bladder 
wall thickness (that increases with long-standing BOO due 
to hypertrophy). Renal US may be useful to exclude renal 
cancer or obstruction due to BPH. Transrectal US (TRUS) of 
the prostate is the least expensive technique to accurately 
determine the prostate volume (transverse diameter x antero- 
posterior diameter x length x 0.52) and should be performed 
before surgery or MIST to help choose the best treatment 
option. The anteroposterior (AP) diameter is most accurately 
measured in the sagittal plane to avoid the “salami” distor- 
tion of measurements in the axial plane. TRUS also allows 
exploring the zonal anatomy and BPH patterns and identify- 
ing and measuring the protrusion index of the median lobe 
into the bladder base that may be associated with poorer out- 
comes after MIST procedures. Total prostate volume, pro- 
portion of central gland/total prostate volume, and lobar 
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distributions have potential for the subtyping of BPH for 
effects on outcome [4]. 

Magnetic resonance imaging (MRI) in BPH patients is 
used to exclude cancer when a high clinical suspicion is pres- 
ent [1, 5-7]. MRI-based approach as the first-line test before 
performing prostate biopsy to detect prostate cancer raises 
the costs but provides a higher diagnostic accuracy and is 
adopted in many centers nowadays. MRI allows for fusion 
biopsy and can help stratify a patient’s risk of having prostate 
cancer on subsequent biopsy. MRI also depicts the zonal 
anatomy, the presence of adenomas in the central gland, and 
the protrusion index of the median lobe that may be predic- 
tors of clinical outcomes [1, 5—7]. Multiparametric MRI with 
perfusion and diffusion imaging is able to quantify the vas- 
cularity of the prostate and detect ischemia after emboliza- 
tion that may be important prognostic factors after prostatic 
artery embolization (PAE) [1, 5-7]. 


Pre-procedural Patient Evaluation 


The clinical severity of LUTS can be quantified using vali- 
dated questionnaires as the IPSS that has 7 questions (each 
scoring from 0 to 5 points, total score 35) that ask about 
storage-irritative symptoms (urinary frequency, urgency epi- 
sodes, nocturia) and emptying symptoms (incomplete 
emptying, intermittence, weak urinary stream, straining at 
urination). Patients are classified as mildly symptomatic 
(0-7 points), moderately symptomatic (8-19 points), and 
severely symptomatic (20-35 points). The quality of life 
(QoL) related to LUTS or “bother score” is an eighth ques- 
tion that ranges from zero (delighted) to six (terrible) and is 
the strongest predictor for patient management as it directly 
reflects how the patient feels about his LUTS. 

Erectile function should also be evaluated before and after 
because erectile dysfunction frequently coexists with BPH 
and/or can be a consequence of prostatic medication or sur- 
gery. The use of validated questionnaires as the International 
Index of Erectile Function (IEF) should be used routinely in 
BPH trials. In our practice we use the short (ITEF-5) version 
with five questions that can be easily and rapidly used. 

Before PAE, patients undergo PSA measurement, pros- 
tate volume measurement with TRUS, and uroflow studies 
(to measure Qmax and PVR) [8]. Patients who have been 
counseled for prostate cancer screening in conjunction with 
an elevated PSA may undergo a workup to rule out prostate 
cancer prior to treatment for their BPH. When the Qmax is 
very low (below 6 mL/s) and the flattened flow curve is sug- 
gestive of a urethral stricture, an urethrocystogram or ure- 
throcystoscopy should be performed. When the Qmax is 
greater than 15 mL/s or when obstruction is doubtful, urody- 
namic pressure-flow studies should be performed to exclude 
bladder dysfunction (overactive or hypoactive bladder). 
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Technique 
Vascular Anatomy Relevant for Embolization 


One of the key aspects of PAE is finding the prostatic arteries 
(PAs) that are usually 1-2 mm in diameter. Before finding 
these small arteries, it is important to identify all branches of 
the internal iliac artery (IIA) to facilitate navigation inside 
the male pelvis. We use the Yamaki classification [9-11] to 
help identify all major branches of the internal iliac artery. 
The most frequent branching pattern of the IIA is type A 
(60%) where the anterior division gives off both internal 
pudendal and inferior gluteal arteries (common gluteal- 
pudendal trunk) (Fig. 19.1). The superior gluteal artery arises 
from the posterior division. In type B bifurcation (30%), the 
posterior division seems larger because it gives rise to both 
superior and inferior gluteal arteries, while the anterior divi- 
sion only gives rise to the internal pudendal artery (Fig. 19.2). 
In type C (<10%), all three major branches of the IIA (inter- 
nal pudendal, superior, and inferior gluteal arteries) arise at 
the same time (Fig. 19.3). Group D is very rare (<0.5%), and 


FOV 21.0cm 
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Fig. 19.1 Computed tomography angiography VR reformat of the left 
pelvic side. Type A bifurcation of the internal iliac artery (IIA). Posterior 
division with the superior gluteal artery (black arrow). Anterior division 
with the common gluteal-pudendal trunk bifurcating into inferior glu- 
teal (white arrow) and internal pudendal (white dashed arrow) arteries. 
Only one prostatic artery (PA) is seen (black arrowhead) arising from 
the common gluteal-pudendal trunk. The black dashed arrow marks an 
aberrant obturator artery arising from the inferior epigastric artery 
(external iliac artery) 


T. Bilhim and J. B. M. Pisco 


the posterior division gives rise to both superior gluteal and 
internal pudendal arteries, while the anterior division gives 
rise to the inferior gluteal artery. The obturator artery is 
another large branch that arises from the ITA in 70% of the 
pelvis and from the inferior epigastric artery or external iliac 
artery in 30% of the pelvis (thus called accessory or aber- 
rant). The superior vesical artery is a smaller branch of the 
IIA, the main supplier to the bladder, and arises proximally 
from the anterior division of the IIA. PAs frequently arise 
from any of these arteries. 

Knowledge of the angiographic anatomy of all these 
major branches may help during PAE and facilitate the iden- 
tification of the PAs [10, 11]. Computed tomography angiog- 
raphy (CTA) is a valuable pre-procedural tool to help plan 
the procedure and study the vascular anatomy of the male 
pelvic arteries [12]. The prostate has a dual vascular supply 
with a central gland artery and a peripheral gland artery [13]. 
The central gland PA has a horizontal trajectory underneath 
the bladder neck (thus, also called vesico-prostatic artery) 
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Fig. 19.2 Computed tomography angiography VR reformat of the 
right pelvic side. Type B bifurcation of the IIA. Posterior division with 
the superior gluteal (black arrow) and inferior gluteal (white arrow) 
arteries. Anterior division with the internal pudendal artery (white 
dashed arrow). Two PAs are seen arising from the internal pudendal 
artery. The black arrowhead marks the central gland PA, while the 
white arrowhead marks the peripheral gland PA. The black dashed 
arrow marks the obturator artery arising from the internal pudendal 
artery 
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Fig. 19.3 Computed tomography angiography VR reformat of the left 
pelvic side. Type C bifurcation of the ITA. The superior gluteal artery 
(black arrow), the inferior gluteal artery (white arrow), and internal 
pudendal artery (white dashed arrow) arise simultaneously. Only one 
PA (white arrowhead) is seen arising from the obturator artery (black 
dashed arrow) that arises from the internal pudendal artery. The black 
arrowhead marks the superior vesical artery arising proximally from 
the anterior division of the ITA 


and penetrates the prostate capsule in the anterior-lateral 
quadrants (thus, also called anterior-lateral or medial PA). 
The peripheral gland PA has an oblique trajectory down- 
ward, forward, and inward and runs in the fat behind the 
prostate, in front of the rectum. The peripheral gland PA pen- 
etrates the prostate capsule in the posterior-lateral quadrants 
(thus, also called posterior-lateral or lateral PA) and fre- 
quently shares common origins or anastomoses with rectal 
branches. The central gland PA feeds most of the upper half 
and central gland of the prostate and may give rise to inferior 
vesical branches to the bladder neck or vesiculo-deferential 
branches to the seminal glands along its trajectory. The 
peripheral gland PA feeds most of the lower half, apex, and 
peripheral prostate and frequently gives rise to rectal 
branches along its trajectory [13, 14]. 

The central gland and peripheral gland PAs may arise 
from one PA (Figs. 19.4, 19.5, and 19.6) that bifurcates (60% 
of the pelvis) or from two independent PAs (40% of pelvis) 
(Figs. 19.7, 19.8, 19.9, 19.10, 19.11, 19.12, 19.13, and 
19.14). The PAs are larger when just one PA is present with 
approximately 2 mm in diameter, while PAs are smaller, 
approximately 1 mm in diameter, when two independent PAs 
are present. Prostate volume and PA diameter do not corre- 
late, and patients with large prostates may have smaller PAs 
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Fig. 19.4 Computed tomography angiography sagittal-oblique MIP 
reformat of the left pelvic side (same patient from Fig. 19.1). Type A 
bifurcation of the IIA. Posterior division with the superior gluteal artery 
(black arrow). Anterior division with the common gluteal-pudendal 
trunk bifurcating into inferior gluteal (white arrow) and internal puden- 
dal (white dashed arrow) arteries. Only one PA is seen (black arrow- 
head) arising from the common gluteal-pudendal trunk. The black 
dashed arrows mark the superior vesical artery branches feeding the 
bladder 


than patients with smaller prostates due to different number 
of PAs. PAs may arise from any of the IIA branches and even 
from outside the pelvic arteries [15]. The most frequent ori- 
gins are the internal pudendal artery (30%), superior vesical 
artery (20%), and common gluteal-pudendal trunk (15%). 
These origins are the “standard” anatomy representing up to 
70% of the pelvis. The less frequent origins (20%) are the 
obturator artery (12%) and prostato-rectal trunks (8%). Rare 
origins (<10%) are the inferior (4%) and superior (2%) glu- 
teal arteries, accessory pudendal arteries (2%), and acces- 
sory obturator arteries (from the external iliac or inferior 
epigastric arteries, 2%). 

The PAs arising from prostato-rectal trunks are the 
peripheral gland PAs, and usually there is a central gland PA 
arising proximally and independently from the 
IIA. Accessory pudendal arteries are the main blood supply 
to the corpora cavernosa in up to 4% of pelvic sides or rep- 
resent large anastomoses between the PAs and the penile 
arteries in up to 20% of the pelvis. Their identification is 
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Fig. Selective digital subtraction angiograph of the left PA (black 
arrowhead) seen in Figs. 19.1 and +, Anastomoses to the internal 
pudendal artery (white dashed arrows) and to the superior vesical artery 
(black dashed arrows) are seen 


Fig. 19.6 Control angiogram after embolization of the left PA (black 


arrowhead) seen in Figs. 19.4 and 19.5. Complete occlusion of the 
artery with no filling of the central gland of the prostate 


important to avoid untargeted ischemia to the penis or 
potential erectile dysfunction after PAE. PAs end at the 
prostate capsule, while accessory pudendal arteries run 
close to the prostate capsule but continue forward until they 
reach the pubic bone and anterior surface of the prostate. 
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Fig. 19.7 Computed tomography angiography sagittal-oblique MIP 
reformat of the right pelvic side (same patient from Fig. ). Posterior 
division with the inferior gluteal artery (white arrow). Anterior division 
with the internal pudendal artery (white dashed arrow). Two PAs are 
seen arising from the internal pudendal artery. The black arrowhead 
marks the central gland PA, while the white arrowhead marks the 
peripheral gland PA 


Then, instead of going into the prostate, they continue verti- 
cally downward behind the pubic bone and reach the penile 
hilum where they continue forward with the dorsal artery of 
the penis or with the cavernosal artery, thus having an “S” 
trajectory that allows differentiation from the PAs 
(Fig. ). In less than 2% of the pelvis, the PAs may arise 
from outside the ITA [15], from accessory obturator arteries 
(from the inferior epigastric or directly from the external 
iliac artery) (Fig. 5). 

The digital subtraction angiography (DSA) findings of the 
central and peripheral gland PAs are very different. The cen- 
tral gland PA has a globular and circumscribed appearance with 
parenchymal staining of the BPH adenomas. In up to 40% of 
patients, the “corkscrew” pattern representing the typical tor- 
tuosity of the capsular branches may be detected. The central 
gland PA frequently shares as common proximal origin with the 
superior vesical artery. It is important to differentiate the central 
gland PA from the superior vesical artery. The superior vesical 
artery has a straight trajectory forward into the bladder with a 


Fig. Digital subtraction angiography of the right internal puden- 
dal artery (white dashed arrow) in ipsilateral anterior oblique projection 
(35°) and caudal-cranial angulation (—10°) of the same patient from 
Figs. 19.2 and 19.7. Two PAs are seen arising from the internal puden- 
dal artery. The black arrowhead marks the central gland PA, while the 
white arrowhead marks the peripheral gland PA 


Fig. 19.9 Selective digital subtraction angiography of the right periph- 
eral gland PA (white arrowhead) from the same patient in Figs. A 


19.7, and . An oblique opacification of the peripheral gland and 
apex of the prostate is seen 


superior and more diffuse vascularization to the bladder wall, 
whereas the PAs first run downward frequently with an undulat- 
ing trajectory until they reach the bladder base. Then, the PAs 
change trajectory forward into the central gland of the prostate 
running below the bladder base. The peripheral gland PAs have 
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Fig. 19.10 Control angiogram after embolization of right peripheral 
gland PA (white arrowhead) seen in Fig. 19.9. Occlusion of the artery 
with no filling of the peripheral gland of the prostate and reflux into the 


internal pudendal artery (white dashed arrow) 


Fig. 19.11 


Selective digital subtraction angiography of the right cen- 
tral gland PA (black arrowhead) from the same patient in Figs. 19.2, 

, and 19.8. A globular opacification of the central gland of the right 
hemiprostate with the corkscrew pattern of the capsular branches is 
seen 


an oblique and diffuse vascularization without staining of the 
central gland BPH adenomas. There are frequent anastomoses 
or common origins with middle rectal arteries; thus, it is fre- 
quent to have retrograde filling of the inferior mesenteric artery. 
Differentiating the rectal arteries from the peripheral gland PA 
can be quite difficult and selective catheterization of the PAs 


Fig. 19.12 Control angiogram after embolization of right central 
gland PA (black arrowhead) seen in Fig. 19.11. Occlusion of the artery 
with no filling of the central gland of the prostate and reflux into the 
internal pudendal artery (white dashed arrow) 


Fig. 19.13 Prostate staining with contrast after bilateral embolization 
(inside circle). Opacification of the right periprostatic venous plexus is 
depicted (white dashed arrows) 
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Fig. 19.14 Computed tomography angiography axial-oblique MIP 
reformat of the same patient from Figs. 19.1, 19.2, 19.4, 19.5, 19.6, 
19.7, 19.8, 19.9, 19.10, 19.11, 19.12, and 19.13. Two independent PAs 
are seen on the right pelvic side, the central gland PA (black dashed 
arrow) and the peripheral gland PA (black arrow). On the left pelvic 
side, only one PA is seen bifurcating into central gland PA (white 
dashed arrow) and peripheral gland PA (white arrow) 


Fig. 19.15 Selective digital subtraction angiography of the left PA 
(white arrows) in posterior-anterior view. Coils were placed (white 
arrowhead) in a distal accessory pudendal artery (white curved arrows) 
arising from a common trunk with the PA, to avoid nontarget emboliza- 
tion to the penis. The central gland opacification of the prostate is also 
depicted (white dashed arrow) 
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Fig. 19.16 Selective digital subtraction angiography of the left infe- 
rior epigastric artery (white arrowhead) from the external iliac artery 


(white arrow). An aberrant obturator artery (white curved arrow) and 
the PA (white dashed arrow) share common origins 


challenging. The rectal arteries show an oblong and vertical 
opacification to the rectal wall with a prominent anal blush at 
the perineum and retrograde filling of the inferior mesenteric 
artery. When two independent PAs are present, it is frequent to 
have retrograde filling of one PA after selective catheterization 
and angiography of the other PA through intraprostatic anasto- 
moses between central and peripheral gland PAs. 

After selective catheterization of the PAs, it is very frequent 
to have anastomoses to adjacent organs (60% of the pelvis). 
With central gland PAs, anastomoses to vesical (bladder), 
vesiculo-deferential (seminal glands) or internal pudendal, 
and penile arteries may be present. Rectal anastomoses are 
more frequent with peripheral gland PAs. Anastomoses to 
contralateral PAs may be present in up to 20% of patients. 


Tips and Tricks 


Our CTA protocol allows visualization and correct identifica- 
tion of the PAs in more than 95% of patients [12, 13]. The use 
of high concentrations and volumes of iodine (100-120 mL at a 
concentration of 350-370 mg/mL iodine) is an important fea- 
ture to obtain enough opacification of the PAs. We also give the 
patient a vasodilator before the acquisition (Nitromint 0.5 mg, 
sublingual) to help identify the PAs. With this protocol the 
threshold for acquisition can be placed as high as 200 HU. With 
16-row CT scanners, the acquisition time for the pelvis is 
approximately 13 s (scan range of around 30 cm). When using 
64 or higher multirow detector CT scanners, it is important to 
adjust the pitch to have a scan time that is not too fast (below 
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10 seconds) because it may not give enough time to allow cor- 
rect PA opacification. We always interpret the vascular anatomy 
of the male pelvic arteries reading the axial images (1.25 mm or 
less in thickness). Then, we perform sagittal-oblique maximum- 
intensity-projection (MIP) reformats, coronal-oblique MIP 
reformats, axial-oblique MIP reformats, and volume-rendered 
(VR) reformats for each pelvic side. On the right pelvic side, the 
sagittal-oblique MIP reformat faces to the right and on the left 
to the left in order to correspond to the DSA runs of the ITA. We 
also perform a schematic drawing of the IIA on each side of the 
pelvis with the PA origin identified and have it available during 
PAE. The CTA VR reformats of the aorta and iliac arteries help 
plan PAE. We usually perform a unilateral femoral artery punc- 
ture and chose the side that has the least tortuous iliac arteries. 
When the iliac arteries are very tortuous on both pelvic sides, 
we perform a bilateral femoral puncture and access the internal 
iliac artery on each pelvic side with a RIM or Roche catheter. 
Radial access is also a useful option for selected patients and 
used as first-line option in many centers [16]. 

With unilateral femoral punctures, the RBT catheter 
(Cook) can be used. It is possible to perform the crossover 
with a 0.035-inch shapable hydrophilic guidewire (Terumo) 
in most patients. When the aortic bifurcation is very acute 
angled, the crossover can be performed with a pigtail cathe- 
ter and then change for the RBT catheter over the wire. After 
performing the crossover with the RBT catheter and remov- 
ing the guidewire, we push and turn the catheter to reshape it 
into the secondary curve. The catheter has a radiopaque 
marker where it bends to reform with the secondary curve 
that has to be placed at the aortic bifurcation. With this con- 
figuration of the catheter, it is possible to navigate inside the 
IIA on both pelvic sides with only one-side femoral punc- 
ture. We usually go for the contralateral IIA first and then 
finish with the ipsilateral IA. When removing the catheter, it 
is important to unbend and reform the catheter over the aor- 
tic bifurcation to avoid knots at the secondary curve. 

When the catheter is inside the ITA, we place the tip at the 
proximal part of the anterior division and inject 6 mL at 
3 mL/s with 350-mg/mL iodine. This allows correct 
opacification of all anterior division and posterior division 
(by reflux) branches of the IIA without reflux into the exter- 
nal iliac artery. If the catheter tip is placed too distally inside 
the anterior division of the IIA, proximal origins of the PA 
(from the superior vesical artery) may be missed. If the cath- 
eter is in the posterior division, the PA is frequently missed 
because it usually originates from branches of the anterior 
division. When placing the catheter tip very proximally in 
the IIA, reflux into the external iliac artery may become 
problematic. The DSA run of the IIA is performed in 35° 
ipsilateral anterior oblique projection and —10° caudal- 
cranial angulation. This projection allows easy recognition 
of all IIA branches and matches perfectly with the sagittal- 
oblique MIP reformat from CTA. The identification of the 
PAs is performed after looking at the schematic drawing and 
reformats of CTA and the DSA of the IIA on each pelvic 
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side. After the identification of the PAs, we perform selective 
catheterization before embolization. 

When just 1 PA is present, it frequently arises from the 
internal pudendal and common gluteal-pudendal trunk or 
obturator artery, and 2.7-F microcatheter (Terumo) usually 
allows easy catheterization. We leave the catheter tip before 
the PA bifurcates and embolize both central and peripheral 
gland PAs. When two independent PAs are present, we try to 
catheterize the central gland PA and only embolize the 
peripheral gland PA if it provides significant supply to the 
prostate or when we can’t enter the central gland PA. Entering 
central gland PAs arising from the superior vesical artery is 
frequently the most challenging technical aspect of PAE 
(Fig. 19.17). The superior vesical artery usually has an 90° 
angled origin, and sometimes an atherosclerotic plaque may 
be present near the ostium. The PA also has another 90° 
angled origin from the superior vesical artery. This double 
90° curve is usually very difficult to cross, and forcing the 
microcatheter to go down into the PA distally to the superior 
vesical artery can sometimes be impossible. Frequently the 
5-F catheter tip can engage the ostium of the superior vesical 
artery, and forcing the tip outward can help the microcatheter 
to go down into the PA instead of going forward into the 
superior vesical artery. With this type of anatomy, we use 
0.016-inch hydrophilic guidewires (GT, Terumo) 90° angled 
or double angled. Nitinol, shapeable 0.016-inch guidewire, is 
another option and can be shaped to fit the PA origin angle. 
The microcatheters we use are 2.0-2.5 F (Cantata, Cook, or 
Progreat, Terumo). Angled-tip microcatheters may also be 
very useful. We frequently use a swan-neck-tip-shaped 
microcatheter 2.4 F (Maestro, Merit) to facilitate catheteriza- 
tion of these arteries. Another option is to use steerable 
microcatheters (Swift Ninja, Merit) to help engage the PA 
ostium. When all options fail, coil embolization of the supe- 
rior vesical artery can be used to redirect embolic flow away 
from the bladder and into the prostate (see Fig. 19.17). 

We advance the microcatheter into the PAs distally to 
vesical, rectal, or vesiculo-deferential branches. When large 
anastomoses between the PAs and penile arteries (accessory 
pudendal arteries) are present, we embolize them with 
microcoils, before embolizing the prostate (see Fig. 19.15). 
If the accessory pudendal artery is the main supply to the 
penis, we try to advance the microcatheter distally into the 
PA and spare the accessory pudendal artery. We perform 
PAE with PVA particles (Cook or Boston Scientific), PVA 
microspheres (Bead Block, Biocompatibles), tris-acryl gela- 
tin microspheres (Embospheres, Biosphere Medical), and 
polyzene-coated microspheres (Embozene, Celonova). With 
PVA particles we start embolization with 100 um, continue 
with 200 um, and finish with 300 pm. With Bead Block or 
Embospheres, we use 300-500 um, and with Embozene we 
use 250 um and/or 400 um. We use smaller PVA particles 
than microspheres because they tend to clump and upsize, 
while microspheres are compressible and easily pass through 
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Fig. 19.17 Digital subtraction angiography of a single right-sided PA 
(white arrows) in right anterior oblique projection (35°) and caudal- 
cranial (—10°) angulation. The PA arises at a 90° angle from the supe- 
rior vesical artery (white dashed arrow). Selective catheterization of the 
PA was not possible; thus, coils were placed (white dashed arrow) to 
redirect flow away from the bladder and into the prostate 


smaller-sized arteries. Initially we would upsize particles if 
anastomoses were present between the PAs and surrounding 
organs, afraid of distal untargeted embolization. However, 
we have shown that with PVA particles, using smaller 
(100 um) particles is as safe as using larger (200 um) parti- 
cles [17]. So, nowadays we do not upsize PVA particle size if 
we see anastomoses of the PAs. The end point for PAE 
should be as aggressive as possible with total occlusion of 
the PAs and concluded at the point reflux into the main artery 
is appreciated. This end point is easily achieved with 
microspheres (with only 3-5 mL for each PA), but may 
require larger volumes of PVA particles (10 mL for each PA). 
We prepare microspheres for embolization according to the 
manufacturer instructions (adding 4—6 mL of contrast to the 
vial) and use very diluted PVA particles (1 vial of PVA 
diluted into 80 mL of contrast/saline, 1/1 solution). 
Cone-beam computed tomography (CBCT) is a useful 
tool for PAE, especially when no pre-procedural imaging 
with CTA has been performed or during the initial learning 
curve of the operators to certify correct catheter placement 
and avoid untargeted embolization to surrounding organs 
[18]. CBCT can be used before reaching the prostatic arter- 
ies to map the arterial anatomy of the pelvis. CBCT can also 
be used after reaching the prostatic arteries to certify correct 
catheter placement and to identify anastomoses that may 
lead to nontarget embolization (Figs. 19.18, 19.19, 19.20, 
and 19.21). Computer-assisted identification of the prostatic 
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Fig. 19.18 Cone-beam computed tomography of the left internal iliac 
artery to map the pelvic arteries 


Fig. 19.19 Cone-beam computed tomography after bilateral selective 
PA catheterization depicting correct prostatic location without evidence 
of nontarget embolization 


arteries and embolization guidance using dedicated soft- 
wares may also help during PAE [19]. CBCT is considered 
mandatory for many physicians performing PAE because, 
even with extensive experience and anatomical knowledge, 
correct targeting of the prostate avoiding the bladder, rectum, 
or penis may only be possible with CBCT. 

We plan PAE procedures with CTA and exclude patients 
with severe atherosclerosis of the iliac arteries and/or PAs (less 


Fig. 19.20 Cone-beam computed tomography after bilateral selective 
PA catheterization. No anastomoses are present on the right PA (red). 
An anastomosis between the left PA (blue) and the inferior vesical 
artery feeding the bladder base is seen (white arrows) 


Fig. 19.21 Cone-beam computed tomography coronal reformat after 
selective right-sided PA catheterization (white arrows). An anastomosis 
between the prostate and the penis is depicted (white dashed arrow) 


than 5%). The timing to stop prostatic medication after PAE 
differs between the different institutions, but most physicians 
would recommend stopping medication within the first month 
post-PAE, if the patient is clinically well. We advise patients 
that are dependent on alpha-blockers to maintain them | week 
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after PAE and stop 2 weeks after embolization if they are feel- 
ing better. We give patients an acid-suppressing drug (omepra- 
zole 20 mg, once daily) and an anti-inflammatory (naproxen 
1000 mg, twice daily) for 2 days before the procedure and 
continue for 10 days following PAE. The anti-inflammatory 
drugs help to relieve symptoms from prostate inflammation 
after PAE. Some centers also use periprocedural medication 
with steroids. The use of prophylactic antibiotics can be per- 
formed during the procedure (cefazolin, 1 g i.v.). The use of 
antibiotics to treat urinary tract infections after PAE should be 
directed at specific agents. During embolization, analgesic and 
anti-inflammatory drugs are given intravenously (ketorolac 
tromethamine 30 mg i.v.; metamizol 2 g i.v.). We admit and 
discharge patients on the same day of the procedure and per- 
form PAE on an outpatient basis in more than 90% of patients. 
Most patients that stay in the hospital overnight are related to 
personal preferences. 


Results 


Technical failure (unable to embolize the PAs on both pelvic 
sides) may happen in up to 5% of patients. Unilateral PAE 
may happen in up to 15% of patients [20-23]. With pre- 
procedural CTA, the PAE procedure lasts around 90 min 
with mean fluoroscopy times of approximately 30 min [20, 
21]. When no CTA is performed before PAE, the procedural 
times may go up to a mean of 200 min with mean fluoros- 
copy times of 90 min [23]. 

PAE is a painless procedure with most patients feeling no 
pain at all or only very light pain during or after emboliza- 
tion. No nausea or vomiting has been reported after 
PAE. Only one case has been reported of severe pain during 
and after PAE, and this was the only major complication 
reported after PAE: bladder ischemia that had to be surgi- 
cally repaired [20]. Minor adverse events after PAE include 
dysuria/urethral burning (20%), irritative voiding (40%), 
hematospermia (7%), hematuria (5%), rectal bleeding 
(2.5%), urinary tract infection (2.5%), balanoposthitis 
(1.6%), temporary acute urinary retention lasting a couple of 
hours (2%), perineal pain (8%), and inguinal hematoma 
(5%). These symptoms disappear spontaneously in 
1-2 weeks following PAE. From our experience persistent 
acute urinary retention after PAE occurs in less than 1% of 
patients; we had two patients that had to undergo surgery due 
to acute urinary retention after embolization [20-23]. 

More than 90% of patients under acute urinary retention 
are able to remove the bladder catheter and void spontane- 
ously 7—28 days after PAE. In these patients it is important to 
maintain alpha-blockers until removal of the bladder cathe- 
ter. When patients are unable to void spontaneously 2 months 
after PAE, we either repeat embolization or refer patients for 
surgery. Clinical success at short term (1-6 months) is 
approximately 80% and at midterm (12-24 months) 75%. 
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After PAE there is a mean decrease of IPSS of 10-13 points 
(40-50%) and of QoL of 1.5-2 points (40-50%). There are a 
mean Qmax improvement of 3-6 mL/s (40-70%) and a 
mean PVR reduction of 30 mL. The prostate volume reduces 
20-30% (18-30 mL) and the PSA 25-35% (1.5-2 ng/mL). 
The mean IEF improves 2—4 points (25-40%) probably due 
to the discontinuation of prostatic medication [20-24]. At 
long term (3-6 years after PAE), the clinical success rate 
remains stable and is approximately 76.3% [25]. 

Unilateral PAE is one of the reasons for clinical failure. 
Clinical failure rates after bilateral PAE are approximately 
25% and almost 50% after unilateral PAE [21]. However, other 
factors are associated with poor outcome after PAE. Most 
patients with poor clinical outcome have bilateral and com- 
plete embolization of the PAs. Prostate volume does not reduce 
in up to 25% of treated patients, and no correlation was found 
between prostate volume reduction and clinical outcome, with 
some patients without prostate volume reduction improving 
significantly the LUTS severity, while others have impressive 
reductions in prostate volume but no improvement in LUTS 
severity. Patients medicated with 5-alpha-reductase inhibitors 
before PAE that stop the medication after embolization should 
be advised that prostate volume may go up 25% and PSA up 
50% 3-6 months after PAE due to the washout effect of the 
medication. No correlation was found between urodynamic 
results and clinical outcome after PAE [20-23]. It is impor- 
tant to document outcome measures after PAE using IPSS/ 
QoL, prostate volume assessment, and uroflowmetry as PAE 
is still considered experimental and should only be performed 
under clinical trials, according to the American Urological 
Association guidelines [1]. 


Posttreatment Follow-Up (Imaging 
Applications) 


We evaluate patients 1, 6, and 12 months and then yearly 
after PAE. At each time point, patients are clinically evalu- 
ated with the IPSS/QoL and IIEF scores. Objective measures 
are obtained with uroflowmetry (Qmax and PVR), TRUS 
(prostate volume), and PSA. Most clinical failures are nonre- 
sponders, patients that never improve after PAE [26]. Up to 
25% of clinical failure patients are relapsers, patients that 
initially improved but had recurrent LUTS 6-12 months 
after PAE [26]. We advise patients to wait at least 6 months 
before deciding on resuming prostate medication indefi- 
nitely, repeating PAE, or undergoing surgery. Nowadays we 
repeat CTA before repeating PAE because many patients 
have occlusion of both PAs from the previous procedure and 
won’t improve with the second embolization. 

There are many potential predictors of clinical outcome 
[26-29]. We believe that patients with high baseline PVR 
(>150 mL), large bladder diverticula, or stone have high likeli- 
hood of clinical failure because of bladder dysfunction. Also, 
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patients severely obstructed (Qmax <6 mL/s) or with urethral 
strictures may respond poorly to PAE because the improve- 
ment in Qmax is very low and not enough to enable patients to 
void comfortably. We found no correlation between baseline 
prostate volume and clinical outcome. Other potential predic- 
tors of clinical outcome are bladder protrusion index of the 
median lobe and prostate vascularity (hyper- vs hypo-vascular 
prostates). The presence of two or more adenomas within the 
central gland of >1 cm diameter, volume of the central gland 
>45% of the whole prostate volume, younger age (up to 
65 years), bilateral PAE, lower baseline IPSS, and acute uri- 
nary retention have been identified as predictors of better clini- 
cal outcome [26-29]. IPSS improvement, Qmax increase, and 
prostate volume reduction are the three main outcome mea- 
sures and have been shown to be weakly related or unrelated 
to each other. Higher baseline prostate volume (>40 mL), 
smaller embolization particles, and higher C-reactive protein 
(CRP) levels after PAE have been shown to significantly cor- 
relate with larger IPSS reductions [27]. 

PSA and CRP in the first 24 h after PAE rise markedly, 
representing surrogates for prostate tissue destruction and 
inflammation, and correlate with urodynamic and clinical out- 
comes [23, 26, 27]. MR-detected ischemia after PAE is another 
early potential predictor of clinical outcome. The mean pro- 
portion of prostate ischemia has been shown to be very vari- 
able, with some patients presenting large volumes of central 
gland ischemia after PAE, whereas others show minimal or 
none [26, 27]. The mean proportion of prostate ischemia after 
PAE is approximately 119% in the first month following PAE, 
with most ischemic changes disappearing after 1 month post- 
PAE. Patients with a PSA level of at least 75 ng/mL 24 hours 
after PAE and with larger volumes of prostate ischemia had 
better clinical outcomes. Prostate ischemic volume and PSA 
level 24 hours after PAE have been shown to be correlated 
[26]. Quantification with perfusion and diffusion parameters 
measured with MR before and after PAE has failed to predict 
or correlate with treatment outcomes [30]. 


Comparative Studies of PAE Versus Prostatic 
Surgery 


Although many phase II trials already exist proving the safety 
and efficacy of PAE for the relief of LUTS related to BPH, only 
three prospective randomized controlled trials (RCTs) have 
compared PAE to TURP [31-33]. One large observational pro- 
spective propensity-matched comparison between PAE and 
TURP [34] and another retrospective matched-pair analysis 
comparing PAE to open prostatectomy [35] have also been 
published. The three RCTs showed that IPSS/QoL score 
improvements are not significantly different between PAE and 
TURP up to 2 years. TURP leads to greater PSA and prostate 
volume reductions and higher Qmax increase than 
PAE. However, PAE is associated with fewer complications 
than TURP. These RCTs have pointed out that the LUTS relief 
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after PAE and TURP are similar, but the objective measures 
such as prostate volume reduction and relief of bladder obstruc- 
tion favor TURP. Patients should be counseled about these 
aspects. As LUTS are the main driver for treatment in BPH 
patients, it is natural that most will opt for the minimally inva- 
sive technique with fewer side effects. It is our role to counsel 
patients about the inferiority of PAE in relieving bladder 
obstruction or reducing prostate volume when compared to 
TURP. The non-randomized comparative studies [31, 32] have 
shown that PAE is associated with a higher risk of persistent 
LUTS or bladder outlet obstruction than TURP or open prosta- 
tectomy. Again, the safety profile and quicker return to normal 
activities with reduced length of hospital stay and need for 
admission after intervention favor PAE. A 20% rate of need of 
re-intervention has been documented after 12 months post- 
PAE due to persistent severe LUTS [34]. Long-term data after 
PAE is scarce [25]. The long-term data of these comparative 
studies and of more phase II trials is needed to prove the lon- 
gevity of the PAE effects. Also, the best approach for those 
patients who did not respond to PAE or had relapsing LUTS 
has to be defined. The results of repeat PAE seem to be worse 
[25]; thus, one should be cautious when counseling patients 
with persistent LUTS after PAE. The ejaculatory function, 
need for prostatic medication, or invasive treatments after PAE 
have been poorly assessed and need to be clarified in the future. 

The LUTS relief after PAE seems to be comparable to TURP 
and probably superior to the other MIST for BPH. However, 
BOO is better treated with TURP with the downside of more 
adverse events, especially retrograde ejaculation. The need for 
medication or additional invasive therapies due to persistent 
LUTS also needs to be compared between TURP and PAE at 
long term. PAE will probably have an intermediate role between 
medication and surgery for the treatment of LUTS in patients 
with BPH, alongside with the existing MIST. PAE is a challeng- 
ing treatment modality due to the complex anatomy and angula- 
tion/trajectory of the PAs requiring high technical skills to 
achieve selective catheterization. Interventional radiologists are 
probably the best suited physicians to perform this complex pro- 
cedure due to their extensive knowledge of anatomy, image- 
guided procedures, and different materials used to allow a safe 
and effective embolization. In this chapter we reviewed the dif- 
ferent treatment options for patients with LUTS due to BPH, 
how to evaluate the patients before and after PAE, how to per- 
form PAE focusing on the anatomy, and technique and looked at 
the most up-to-date results of PAE. 
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Benign Prostatic Hyperplasia (BPH) 


Benign prostatic hyperplasia (BPH) is a distinct histopatho- 
logic entity that is characterized by cellular proliferation of 
both glandular and stromal elements of the prostate [1, 2]. 
This is often associated with age-dependent, bothersome, 
and progressive voiding symptoms. 

The burden of BPH on society is enormous. It accounts 
for over eight million outpatient physician visits annually in 
the United States, significantly impacts the quality of life of 
our aging population, and carries a price tag of more than 1.1 
billion dollars in direct medical costs [3]. 


Definitions 


The term BPH should be used exclusively to describe the 
specific histologic findings of hyperplasia involving both the 
glandular and stromal elements of the transition zone (peri- 
urethral region) of the prostate (Fig. 20.1) [4]. While it is 
often used in the context of describing the constellation of 
voiding symptoms that occur in aging males, lower urinary 
tract symptoms, or LUTS is the accepted term used to 
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describe the clinical symptoms often associated with BPH 
and benign prostatic enlargement (BPE) [4, 5]. 

LUTS attributable to BPH reflect not only the direct 
(static) component of prostatic growth and obstruction, but 
also a dynamic component of obstruction as well [6]. It is the 
static component of obstruction that results from an increase 
in number and volume of epithelial and smooth muscle cells, 
as well as connective tissue within the prostatic stroma. The 
dynamic component of obstruction results from an increase 
in the smooth muscle tone and resistance from the enlarging 
gland. Finally factoring into the LUTS perceived by the 
patient, is the bladder response to obstruction, aging, and 
other less obvious influences [7]. This bladder component 
results in a spectrum of responses, varying from detrusor 
underactivity to detrusor overactivity. 

LUTS can be broadly classified into one of three, often 
overlapping categories (Fig. 20.2) [8]. As mentioned above, 
none of the voiding symptoms under each of these categories 
are specific to BPH. In fact, cross-sectional studies performed 
in the United States and Europe have shown that the preva- 
lence of LUTS in women is equivalent to that of men, suggest- 
ing that the pathophysiology of LUTS is much more complex 
than a simple obstructive process [9, 10]. However, under the 
right circumstances, in an index male patient who is 45 years 
or older, in the absence of other potential non-BPH causes for 
LUTs, clinicians may safely attribute LUTS to BPH and BPE 
[6]. Benign prostatic obstruction (BPO) is the terminology 
used only when urodynamics have been performed and con- 
firm the presence of low urinary flow rates accompanied by 
high voiding pressures, indicating obstruction [4—6, 8]. 


Measuring the Severity of BPH 


The AUA Symptom Index (AUA-SI) and the International 
Prostate Symptom Score (IPSS) are identical, interchange- 
able, validated instruments that have proven indispensable in 
grading both the severity of LUTS, as well as their impact on 
an individual’s quality of life [11, 12]. This seven-question, 
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Fig. 20.1 (a) Surgical prostate specimen removed showing the charac- 
teristic gross features of benign prostatic hyperplasia (BPH), including 
nodular growth within the transition zone (TZ) surrounding the urethra 
(U). The black arrows point to additional areas within the transition 


Voiding symptoms: 
Slow stream 
Splitting or spraying 
Intermittency 
Hesitancy 

Straining 


Post- Micturition 
Symptoms: 

Incomplete emptying 
Dribbling 


Fig. 20.2 Current classification schema of lower urinary tract symp- 
toms (LUTS) [8] 


self-administered questionnaire elicits a 1-month account of 
the patient’s urinary symptoms that encompasses: storage 
(frequency, nocturia, urgency), voiding (force of stream, the 
need to strain to empty), and post-micturition (intermittency 
and sensation of incomplete voiding) symptoms. The overall 
score allows patients to be stratified into different categories 
of symptom severity, which include: mild (score 0-7), mod- 
erate (score 8-19), and severe (score 20-35). There is one 
additional quality of life (QoL) question that is designed to 


B. R. Kava et al. 


b 


zone which are enlarged and compressing the peripheral zone (PZ) pos- 
teriorly against the prostatic capsule. (b) Histopathology of BPH show- 
ing glandular and stromal hyperplasia 


accompany the IPSS. It directly assesses the degree of bother 
associated with LUTS by eliciting how the patient would 
feel if they could spend the rest of their lives with these 
symptoms. The Likert- style responses range from 0 
(delighted) to 6 (terrible). 

Two additional, objective parameters that are often used 
in conjunction with the IPSS are the maximal urinary flow 
rate (Qm) and the residual volume of urine detected in the 
urinary bladder after voiding (i.e., post-void residual; PVR). 
While urodynamics remains the standard for diagnosing 
BPO, these parameters are helpful in providing additional 
objective data about an individual’s voiding characteristics. 


The Burden of BPH and LUTS 


Autopsy studies have demonstrated there is a gradual 
increase in the prevalence of BPH with each decade of life 
beyond age 30 [13, 14]. This coincides with a generalized 
increase in the prevalence of BPE, based upon transrectal 
ultrasound [15] and MRI volumetric measurements [16]. 
Concomitant to these age-related increases in the prevalence 
of BPH and BPE, there is also a dramatic increase in the 
prevalence of LUTS. 

One of the most widely referenced observational studies 
is the Olmstead County Study, demonstrated that moderate 
LUTS (AUA symptom score 8 or higher) were present in 
26% of men in their 50s, and nearly 50% of men in their 80s. 
Similarly, the Boston Area Community Health Study found 
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that the overall prevalence of LUTS significantly increased 
with age, impacted approximately 26% of men between 70 
and 79 years of age, and adversely impacted their quality of 
life [9]. Overall this study demonstrated the significant toll 
that LUTS has on society given that 25-30% of all men over 
the age of 50 years have moderate or severe LUTS. The 
problem transcends race and ethnicity as it effects as many 
African-American and Hispanic males as Caucasians [9, 10, 
17, 18]. It also represents a global problem, impacting 
approximately 50% of both men and women at least “often” 
[10]. 

Medical therapy has proven highly successful, and is 
often the first line of therapy for bothersome LUTS that are 
associated with BPH [19]. Data suggest that up to 40% of 
patients presenting for treatment of BPH are prescribed one 
or more pharmaceuticals, including monotherapy or combi- 
nation therapy consisting of alpha adrenoreceptor antago- 
nists, 5 alpha reductase inhibitors, and anticholinergic agents 
[20]. Tadalafil, a phosphodiesterase (PDE)- 5 inhibitor that 
was initially used for treatment of erectile dysfunction has 
also demonstrated efficacy in the management of LUTS 
attributed to BPH, when taken daily. 

Studies have shown that up to 30% of men will ultimately 
discontinue medical therapy as a result of bothersome 
adverse effects or lack of perceived benefit [21, 22]. A 
recently published Medicare claims analysis suggests that 
that long-term administration of the alpha blocker, tamsulo- 
sin, may be associated with a higher incidence of dementia 
when compared to other agents used to manage LUTS [23]. 
Additional studies are desperately needed to corroborate and 
address this concern. 


Indications for Surgical Treatment of BPH 


The majority of patients pursuing surgical therapy for LUTS 
attributable to BPH will have failed pharmacotherapy with 
either alpha blockers, 5 alpha reductase inhibitors, PDE- 5 
inhibitors, or combination therapy involving these agents 
[24, 25]. While medical therapy is often considered the ini- 
tial management strategy, there are several clinical situa- 
tions in which surgery may be considered as a first-line 
option. These include renal insufficiency attributable to 
BPH, refractory urinary retention attributable to BPH, 
recurrent UTIs, recurrent bladder calculi, or gross hematu- 
ria. Additionally, there are many patients who are either 
unwilling to use pharmacotherapy or have symptoms in 
which medical therapy is either ineffective or poorly toler- 
ated. Surgical intervention is an appropriate treatment alter- 
native for well-informed patients such as these, who do not 
have comorbidities that would preclude them from surgery 
[6, 24, 25]. 
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The Evolving Landscape of Surgery for LUTS 
Attributable to BPH 


Prior to the 1990s, patients were offered two surgical options 
for the management of LUTS attributed to BPH. The first 
option was a transurethral resection of the prostate (TURP) 
which entails the endoscopic resection of obstructing tissue 
within the transition zone of the prostate. For those patients 
who had larger prostates that were not believed to be ame- 
nable to endoscopic resection, the second option was an open 
simple prostatectomy (OP), which is the manual enucleation 
of this obstructing tissue. The latter may be accomplished 
through a trans-vesical, retropubic, or perineal approach. 
Both of these approaches require general or regional anes- 
thesia, a period of hospitalization and convalescence, use of 
an indwelling catheter, and deployment of continuous blad- 
der irrigation in the early postoperative period. As will be 
discussed in future sections of this chapter, they are both 
associated with a risk of perioperative complications, includ- 
ing the need for a blood transfusion, management of fluid 
and electrolyte disturbances, and perioperative infections. 
Moreover, long-term complications, which include urethral 
strictures, bladder neck contractures, and adenomatous 
regrowth, may require secondary procedures for many of 
these patients. 

A number of minimally invasive surgical therapies 
(MISTs) that address some of the shortcomings of TURP 
and OP have been evaluated over the last three decades. 
Patients and the urologists that treat them have expressed a 
desire to have durable treatment options that can: (1) be per- 
formed in the office-setting, (2) be accomplished without the 
need for a general or regional anesthetic, (3) limit or entirely 
avoid the need for a urethral catheter, (4) be associated with 
improvements in safety (reduced risks of perioperative 
adverse events such as bleeding, infections, and rehospital- 
ization) improve the safety, (5) minimize adverse sexual 
effects, and (6) expedite convalescence. The procedure 
should also be (7) technically easy to master, (8) provide 
reproducible results, and (9) ideally should provide an over- 
all reduction in cost over prior therapies. 

Data from the Medicare Carrier File [25] reveals that the 
increasing utilization of MISTs has provided for a 44% 
increase in the number of surgical procedures performed for 
LUTS attributed to BPH, from 88,868 in 1999 to 127,786 in 
2005. As can be seen in Fig. 20.3, the number of TURPs 
decreased by almost 50% between 2000 and 2008, accompa- 
nied by a growing number of MISTs, which at that time 
included several laser procedures, microwave thermother- 
apy, and transurethral radiofrequency needle ablation ther- 
apy (TUNA). Similarly results from the New York Statewide 
Planning and Research Cooperation System, demonstrated 
that laser surgery utilization increased from 6.4% to 44.5% 
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between 2000 and 2011, accompanying a decline in TURP 
utilization from 72.2% to 48.3% [26]. Despite these indica- 
tors, TURP remains the most widely utilized surgical proce- 
dure performed for BPH therapy in the United States today, 
with photoselective vaporization (PVP), also known as 
Greenlight laser being performed approximately half as 
often. Holmium laser enucleation of the prostate (HoLEP) 
and simple prostatectomy (either robotic or open) are each 
performed in 5% and 3% of cases, respectively [27]. Outside 
of the United States, the landscape of BPH therapies is dif- 
ferent. In a tertiary medical center in Australia for instance, 
the incidence of TURP declined annually from 52% to 23.6% 
between 2011 and 2013, largely replaced by PVP [28]. In 
Korea, the number of conventional TURP procedures 
remained stable between 2010 and 2017, while the number 
of HoLEP procedures increased to approximately 50% that 
of TURP [29]. Limitations of these data are that they do not 
capture many of the office-based procedures, and many of 
these studies were performed prior to adoption of some of 
the newer modalities, such as water vapor therapy, prostatic 
urethral lift, and Aquablation. Nevertheless, there continues 


“> TURP 
< TUMT 
g Soe == TUNA 
£ 70000 === Laser Coag 
2 ~®-Laser Vaporization 
= 60000 p 
a 
2 50000 
5 
3 40000 
oO 
° 
a 30000 
© 
5 20000 
£ 
E 10000 
2 
0 


2000 2001 2002 2003 2004 2005 2006 2007 2008 
Year 


Fig. 20.3 Trends in the surgical treatment of benign prostatic hyper- 
plasia since the start of the millennium. (From Malaeb, et al. [25], with 
permission from Elsevier) 
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to be an expansion of options available to patients, which 
affords them more personalized BPH therapy than ever 
before. 


Surgical Options for the Management of LUTS 
Attributed to BPH 


Transurethral Resection of the Prostate (TURP) 

Still recognized as the gold standard for surgical manage- 
ment of LUTS secondary to BPO in prostates that are less 
than 80- 100 ml, Transurethral Resection of the Prostate 
(TURP) [6, 30] continues to evolve, despite almost 100 years 
in the urologic armamentarium. The basic premise of the 
TURP is to endoscopically resect all obstructing tissue 
within the transition zone of the prostate, from the bladder 
neck to the verumontanum. The verumontanum is a visible 
landmark on the floor of the prostate that demarcates where 
the ejaculatory ducts exit the gland. Resecting tissue beyond 
this point may compromise the passive and active continence 
mechanisms. 

While TURP represents a significant improvement over 
open prostatectomy in terms of convalescence, it is far from 
perfect. In the perioperative period, adverse events associ- 
ated with TURP (Table 20.1) [31-37] include the potential 
risk of requiring a perioperative blood transfusion (see 
below), TUR-syndrome, perioperative urinary tract infec- 
tions, and delayed bleeding, resulting in readmission, reop- 
eration, and the need for replacement of an indwelling 
bladder catheter. Additional shortcomings of TURP are that 
the patient usually requires inpatient observation in the peri- 
operative period, as well as requires an indwelling catheter 
for a variable period of time following surgery. Between, 6 
and 15% of patients undergoing TURP will require addi- 
tional surgery for adenomatous regrowth, urethral strictures, 
or bladder neck contractures at 8—10 years [38, 39]. Adverse 
effects upon ejaculatory function are seen in the vast major- 
ity of patients undergoing TURP, with a variable impact 
noted on erectile function [40, 41]. 


Table 20.1 Perioperative complications associated with TURP from select large series 1989-2011 


Mortality Transfused TUR-syndrome Urinary Tract Infection (UTI) 

Study No. pts. (%) (%) (%) (%) 
Mebust et al. (1989) [31] 3885 0.23 6.4 2.0 23 
Doll et al. (1992) [32] 388 2.8 22 NS 14 
Horninger et al. (1996) [33] 1211 0 7.6 2.8 2.4 
Uchida et al. [34] 1930 0.2 20.2 0.5 25 
1971-1985 1931 05 6.1 0.3 0.6 
1985-1996 

Berger et al. (2004) [35] 271 0 26 iil NS 
Reich et al. (2008) [36] 9197 0.1 29) 1.4 3.6 
Mamoulakis et al. (2011) [37] 198 0.5 4 0.5 4.5 


TURP transurethral resection of the prostate 
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Over the last two decades, a number of improvements in 
instrumentation have resulted in a reduction of the periopera- 
tive morbidity associated with TURP, as can be seen in 
Table 20.1. These include dramatic improvements in fiber- 
optic technology, and the utilization of increasingly high- 
definition camera units and monitors. By magnifying and 
enhancing the visibility of the operative field, these upgrades 
have improved the precision of the surgical resection and have 
directly impacted the surgeon’s ability to maintain adequate 
hemostasis. As a result, the transfusion risk associated with 
TURP has declined from nearly 20% in the 1970s and 1980s 
to below 5% in most contemporary series [34, 36—40]. 

The irrigant used for the standard TURP is usually gly- 
cine, which allows for a monopolar, high — frequency elec- 
tro-surgical resection of prostatic tissue, with the ability to 
also use coagulation currents for hemostasis. Because gly- 
cine has an osmolarity of 200 mOsm/L, it does not cause 
hemolysis when it is systemically absorbed through the pros- 
tate during resections, as does sterile water. However, absorp- 
tion of glycine may cause dilutional hyponatremia, 
particularly with prolonged resection times, during deep 
resections in which venous sinuses are exposed, and when 
the height of the irrigation is more than 3 feet above the 
patient. This dilutional hyponatremia is the underlying 
mechanism for TUR syndrome, which may initially elicit 
visual changes, dizziness, headaches, nausea, and vomiting. 
As TUR syndrome progresses, it may precipitate apnea, sei- 
zures, and a variety of circulatory abnormalities (hyperten- 
sion, hypotension, bradycardia, and arrhythmias). If left 
untreated, the patient may develop life-threatening pulmo- 
nary and cerebral edema, which must be addressed with 
diuresis. Clinical experience in treating this disorder is 
essential, as too rapid correction of the hyponatremia may 
elicit central pontine myelinolysis. 

The use of continuous-flow irrigation systems, which fos- 
ter continuous inflow and outflow of irrigation through sepa- 
rate channels within the resectoscope sheath, allows bladder 
pressures to remain relatively constant during the course of 
resection. By not having to disassemble the resectoscope 
numerous times during the procedure to empty the bladder of 
blood-tinged irrigation, it expedites the procedure, subse- 
quently reducing the amount of blood loss and the amount of 
irrigation that the patient absorbs. 

While contemporary instrumentation associated with 
monopolar TURP (M-TURP) has helped reduce the risk of 
perioperative complications, it has not entirely eradicated 
them. In fact, patients with larger prostates, patients who 
require systemic anticoagulation or antiplatelet therapy, and 
those who have indwelling catheters for urinary retention 
continue to pose special challenges for M-TURP. Generally, 
these situations are associated with a higher risk of intraop- 
erative blood loss, urinary sepsis, perioperative bleeding, and 
TUR syndrome [35, 36, 40]. 
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Bipolar-TURP and Bipolar Vaporization 
of the Prostates 


The development of bipolar-TURP (B-TURP) and bipolar 
vaporization (B-BPVP) procedures, represent significant 
advances in the evolution of TURP. In traditional monopolar 
surgical units, electrical current travels through the patient’s 
body to reach a grounding-pad that is placed somewhere on 
the surface of the patient. Electrical current is readily dif- 
fused by ions within irrigation fluid. As a result, monopolar 
TURP (M-TURP) must be carried out in water, glycine, sor- 
bitol, or mannitol. Bipolar circuitry is comprised of an active 
and a return pole attached to a single port on the resectoscope 
itself [42]. The electrical current that is generated with these 
units is not attenuated by ions within the irrigation solution. 
As a result, these units are quite functional in saline, which 
avoids issues with TUR syndrome. 

There are currently four bipolar resection devices that are 
available: the transurethral resection in saline (TURis) sys- 
tem (Olympus, Hamburg, Germany), the plasmakinetic sys- 
tem Gyrus-PK (Olympus), the bipolar device AUTOCON II 
400 (Karl Storz, Tuttlingen, Germany), and the Eragon 
Bipolar Instrument System (Richard Wolf, Knittlingen, 
Germany). Each of these systems has the capability to resect 
or vaporize tissue, as well as perform coagulation functions. 


Technique Irrespective of whether the surgeon is using a 
bipolar loop electrode for a B-TURP or the button (Olympus) 
or half-moon (Karl Storz) electrodes for bipolar vaporization 
of the prostate (BPVP), the technical skills and overall stra- 
tegic approach are very similar to the performance of a 
M-TURP (Figs. 20.4, 20.5, and 20.6). This results in a rela- 
tively short learning curve for most urologic surgeons who 
are proficient in M-TURP. 


Results A contemporary meta-analysis identified 33 inde- 
pendent randomized clinical trials (RCTs) comparing B-TURP 
to M-TURP [40]. The quality of existing RCTs is suboptimal 
given that the majority are single-center series, which are 
comprised of low patient numbers, provide poor long-term 
follow up, and lack patient and investigator blinding to the 
various procedures. Despite these shortcomings, B-TURP was 
found to have several advantages over M-TURP. Which trans- 
lated to a reduction in the need for blood transfusions. Of over 
2800 evaluable patients from RCTs, the transfusion risk asso- 
ciated with B-TURP was half of that associated with M-TURP 
(2.2% vs 4.4%, p = 0.0009). Additionally, the risk of TUR 
syndrome in 1339 patients undergoing M-TURP was 1.4%, 
versus 0 of 1329 patients undergoing B-TURP, p = 0.002. In 
terms of efficacy at 1 year, there was no difference between 
B-TURP and M-TURP in terms of IPSS, QoL score, PVR, or 
prostate volume. Tables 20.2 and 20.3 [37, 43-48] present 
18—48-month efficacy and complications from several RCTs 
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Fig. 20.4 Individual steps for bipolar transurethral resection of the 
prostate (B-TURP). In the upper panel, the prostate is visualized from 
the (a) verumontanum, (b) mid prostate, and (c) bladder neck. In the 


validating that B-TURP is safer and of equal efficacy as 
M-TURP. The reduced risk of dilutional hyponatremia allows 
for prolongation of the resection time, and therefore, B-pTURP 


would be preferred for those larger prostate glands over 
M-TURP [6, 49]. 


One final note concerns the use of vapo-resection and 
vapo-enucleation of the prostate in patients taking oral anti- 
coagulants and or platelet aggregation inhibitors. El Saher 
et al. [50] evaluated 91 patients taking various regiments 
consisting of anticoagulants and/or platelet aggregation 
inhibitors, finding that these techniques may be used safely 
in these patients. 


Laser Treatment of BPH 


Lasers have increasingly been incorporated into the uro- 
logical armamentarium for BPH surgery over the last 
25 years. An array of laser systems have been developed, 
which by virtue of their intrinsic properties may produce a 
variety of effects on BPH tissue [51, 52]. These include 
desiccation, coagulation, and vaporization. Furthermore, 
lasers may be used in a variety of capacities; they can be 


second row, the (d) right ureteral orifice, and (e) left ureteral orifice are 
inspected prior to (f) resecting a portion of the floor to allow for chip 
mobilization and continuous fluid irrigation 


used for tissue ablation, incision, resection, and 
enucleation. 

A fundamental working knowledge of laser physics is 
necessary in order to understand how and why particular 
lasers were chosen for management of BPH. As we will see, 


certain lasers are not well-suited for treatment of BPH. 


Basic Laser Physics There are currently 118 different 
elements, each with a single nucleus and a variable num- 
ber of electrons that are constantly in motion. The addi- 
tion of energy to a system of atoms causes excitation of 
the electrons, which absorb the energy and are raised into 
a higher state of energy. When the electron returns to its 
ground state, the energy emitted by the atom is released as 
a photon of light. The wavelength of the photon that is 
released is distinct, and characteristic to the particular 
element. 


Figure 20.7 demonstrates a very simple laser system. 
Energy is delivered to the atoms within the lasing medium by 
an external source. In this case it is the flash tube, which then 
excites the atoms. The excited atoms collide with other 
excited atoms, exponentially increasing the amount of energy 
within the laser chamber. 
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Fig. 20.5 Bipolar transurethral resection of the prostate (B-TURP). 
The resection begins at the bladder neck at the 1 0’ clock position (a). 
Adenoma is resected until the circular fibers of the surgical capsule can 
be seen (b). The resection then moves clockwise from 2 to 5 o° clock 
positions (c—e). The next step is to resect the right lateral lobe from the 


The photons of light released within the lasing medium 
are reflected in the laser chamber by a series of mirrors that 
are positioned at the ends of the laser chamber. One of these 
mirrors contains a small slit that allows some of the photons 
to escape. The escaping energy has all of the properties that 
are characteristics of light emitted by a laser: it is monochro- 
matic, coherent, and unidirectional. 

When a laser is directed into a medium, energy is absorbed 
and dissipated along the trajectory of entry. In the case of a 
well-vascularized, soft tissue medium such as the prostate, the 
absorbed laser energy is converted into heat, which may 
increase the temperature along the trajectory of the site of 


11 0’ clock position to the 7 0’ clock position (f, g). The floor is then 
resected, and residual apical tissue is removed last (h). At the termina- 
tion of the procedure, the prostatic capsule can be visualized from the 
verumontanum as completely devoid of residual adenoma (i) 


entry. The temperatures may reach 70° to 90 °C, at which 
time, desiccation and coagulation of the tissue occur. At higher 
temperatures, above 100 °C, tissue vaporization occurs. 

Figure 20.8 indicates the specific wavelengths of a num- 
ber of laser systems currently used to treat BPH. Superimposed 
on this graph are the absorption coefficients for hemoglobin 
water, and melatonin, which ultimately dictate the effects of 
the particular laser on the tissue. This absorption coefficient 
indicates at what depth most of the energy is absorbed by the 
tissue. Finally, the depth of penetration determines the linear 
depth of the laser into the tissue before it is completely 
absorbed [53, 54]. 


Fig. 20.6 Bipolar plasma vaporization (BPVP) of the prostate using 
the Plasma-OvalButton electrode (Olympus, Hamburg, Germany). 
During the procedure, the electrode is moved back and forth as it gently 
contacts the underlying prostatic tissue as can be seen in (a—c). In (d), a 
cloud of vaporization occurs as the tissue virtually disintegrates. The 
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procedure offers excellent visualization, coagulation is used for 
addressing more prominent blood vessels, and the surgeon can readily 
identify the prostatic capsule (e) before moving on to another area. In 
(f) we see the final view from the prostatic apex showing a widely pat- 
ent prostatic fossa 
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Table 20.2 Efficacy in RCTs with mid-level follow-up comparing monopolar TURP with bipolar procedures 


Follow-up Pre/postop 


Study System(s) No. patients (mo) 

Autorino et al. (2008) [43] PK-TURP 32 B, PK-TURP 48 
31 M-TURP 

Chen et al. (2010) [44] TURis 50 B-TURP 24 
50 M-TURP 

Geavlete et al. (2011) [45] Button-BPVP & TURis 170 BPVP 18 
170 B-TURP 
170 M-TURP 

Mamoulakis et al. (2013) [46] AUTOCON II 400 122 B-TURP 24-36 
107 M-TURP 

Komura et al. (2014) [47] TURis 63 B-TURP 36 
62 M-TURP 

Al-Rawashdah S (2017) [48] | TURis 254 B-TURP 36 
251 M-TURP 


IPSS (% change) 
24.2/6.4 (73) 
24.3/6.9 (71) 
22.8/3.7 (84) 
21.8/3.8 (83) 
24.2/5.0 (79) 
24/7.9 (67) 
24.2/8.3 (66) 
23.4/8 (66) 
23.1/7 (70) 
23.7/5.2 (78) 
22/4.2 (81) 
23.9/7.41 
23.7/7.44 


Pre/postop 
Qm (% change) 
7.1/19.8 (179) 
6.2/21.2 (241) 
7.1/25.5 (259) 
7.9 124.8 (214) 
6.6/23.7 (259) 
6.2/20.6 (232) 
6.4/20.2 (215) 
8.8/19.5 (122) 
8.8/19.4 (120) 
6.4/16.8 (163) 
7.1/18.6 (161) 
8.7/21.3 
8.8/20.9 
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Pre/postop 
PVR (% change) 
80/42 (48) 
75/45 (40) 

NS 

NS 

91/29 (68) 
96/31 (67) 
88/33 (63) 
91.8/27.8 (70) 
100.5/20.2 (80) 
43.7/10.3 (76) 
47.4/6.6 (86) 
931/239 
9270/219, 


RCT randomized control trials, TURP transurethral resection of the prostate, IPSS international prostate symptom score, Qm maximal urinary flow 
rate, PVR post-void residual, PK plasmakinetic, TURis transurethral resection in saline, BPVP bipolar vaporization, B bipolar, PK plasmakinetic, 


M monopolar 


Table 20.3 Randomized controlled trials with intermediate follow-up, comparing complications of B-TURP and M-TURP 


Resection 
Follow-up Volume time 

Study No. pts. (mo) (g) (min) 
Autorino, et al. 32 48 51.6 53 
(2009) [43] B,PK-TURP 47.5 49 

31 M-TURP 
Chen et al. (2010) 50 B-TURP 24 60.2 59 
[44] 50 M-TURP 59.1 60 
Geavlete et al. 170 BPVP 18 54.1 39% 
(2011) [45] 170 B-TURP Sebi S2 

170 M-TURP 54.8 55.6 
Mamoulakis, et al. 141 B-TURP 36 63.8 39.5 
(2012, 2013) (37, 46] 138 M-TURP 63.5 39.1 
Komura et al. (2014) 63B-TURP 36 Sl Wa 
[47] 62 M-TURP 59 68.4 
Al-Rawasdah et al. 246 B-TURP 36 53.9 68.3 
(2017) [48] 251-M-TURP 54.1 76.7 


TUR Urethral BN Reoperation 

Transfused syndrome strictures contracture (%) for 
(%) (%) (%) (%) BPH 
NS NS 1.9 1.9 1.9 

4.0 2.0 2.0 
2 (0) 4 2 NS 
6 0 6 4 NS 
12 0 4.7 0.6 35) 
1.8 0 6.5 35) 9.4 
Qa 1.8 53 4.1 8.8 
6.4 0 8.2 6.6 18.9 
2.9 0.7 9.3 1.9 14.8 
1.6 0 NS NS 0 
7 0 NS NS 2 
O* On 0.4* 0.78 0.4 
2) 2.8 2.8 0.39 1.2 


B bipolar, M monopolar, TURP transurethral resection of the prostate, BN bladder neck, BPH benign prostatic hyperplasia, PK plasmakinetic, 


NS not specified 
* Statistical significance 


Lasers Used for BPH There are a number of different types 
of lasers that have been utilized in the management of 
BPH. It should be noted that this remains a work in progress. 
Improvements in the types of lasers, the wavelength of 
energy used, optical delivery systems, precision of laser 
applications and cost reduction continue to improve laser 
technology and extend potential applications [53, 54]. 


The Nd:YAG laser was one of the first laser systems used 
for treatment of BPH. From Fig. 20.8 one can see that this 
type of laser is well absorbed by hemoglobin, resulting in 
excellent hemostasis and coagulation. Because of the high 
penetration coefficient however, most of the tissue effects 
resulting from treatment with the Nd:YAG laser occur deep 


within the prostate, and not at the surface. As a result, patients 
who were subjected to BPH treatment with the Nd:YAG 
laser would often complain of pain, burning, and inflamma- 
tory symptoms for weeks, often requiring a catheter to be 
until the surface layers sloughed [54]. As a result of these 
early experiences the visual laser ablation of the prostate 
(VLAP) and transurethral ultrasound-guided laser induced 
prostatectomy (TULIP), both using Nd:YAG laser technol- 
ogy are no longer in use. 

By adding a KTP crystal into the laser resonator, the KTP 
Nd:YAG laser emits energy with a wavelength of 532 nm, 
which is within the green spectrum of light. At this wave- 
length, the KTP Nd:YAG laser is strongly absorbed by 
hemoglobin, which is abundant in a well-vascularized tissue 
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Fig. 20.7 Characteristics of a 
simple laser system. The flash 
tube delivers energy to the 
laser chamber either in a 
continuous or pulsatile 
fashion. This causes 
excitation of the atoms within 


Transfer of energy „e 
(pulsed/continuous) 


B. R. Kava et al. 


Flash Tube: 


the laser chamber which 
richochet against each other 
and against the mirror at the 
end of the laser chamber. As 
energized atoms return to the 
ground state, the photons 
released are reflected within 
the chamber. Some will be 
released through the small 
slit-like opening in the right 


: . i Mirror 
side of the chamber as laser within 
light laser 

chamber 


Photon Emissions: 
Monochromatic 
Coherent 
Unidirectional 


Laser Chamber with two different 
types of atoms in varying degrees of activation. 


Fig. 20.8 Characteristics of KTP (Nd:YAG SHG) Tm:YAG 
various lasers used in the Nd:YAG Ho:YAG CO, 
management of BPH. (From Er:YAG 
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such as prostate. With a short absorption length, there are 
rapid increases in tissue temperature at the point of entry into 
the tissue. This promotes surface vaporization with a seam of 
coagulation necrosis at the base [51]. 

Holmium (Ho): YAG lasers have also become very popu- 
lar laser systems for treatment of BPH. Similar to the 
Nd:YAG, the crystalline matrix remains yttrium, aluminum, 
garnet. Neodymium doping is replaced by a combination of 
Chromium, Thulium, and Holmium. Chromium is excited 
easily by white light from a flashlamp. It then transfers 
energy to the thulium ions in the ground state, which doubles 
the number of excited ions with half the initial excitation 
energy. This facilitates energy transfer to the holmium ions, 
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activating the laser, which then emits a wavelength of 
2140 nm. The absorption length of the holmium laser is short 
due to strong absorption by water molecules, resulting in tis- 
sue effects that extend <0.5 mm into the tissue. This results 
in rapid onset of tissue vaporization with each laser pulse. 
From a practical standpoint, the holmium laser has been 
found to be extremely versatile. It is currently being used in 
both ablative and enucleation procedures. In the latter capacity, 
the holmium laser can create a pulsatile vaporization bubble, 
which separates the prostatic adenoma from the surgical cap- 
sule and creates a rim of coagulation necrosis underneath [54]. 
The Thulium:YAG laser (not shown) emits at a wave- 
length of 2013 nm, which is very similar to the Ho:YAG. This 
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accounts for its similar interactions within tissue. What 
makes the Thulium:YAG laser different is that the output is 
delivered as a continuous-wave rather than in a pulsatile 
manner. This allows for faster and more efficient tissue 
vaporization [54]. 


Contemporary Laser Systems Used 
in the Treatment of BPH 


KTP: Nd:YAG Lasers 

By virtue of its selective absorption by hemoglobin, as well 
as its low penetration depth in tissue, the KTP laser vaporizes 
the surface layer of BPH tissue rapidly and provides for a 
1-2 mm rim of coagulation [51], which provides for excel- 
lent hemostasis. As a result of these characteristics, the effect 
of the KTP laser is often referred to as photoselective vapor- 
ization of the prostate (PVP). 


Technique PVP became a viable option for treatment of the 
prostate with the advent of a high power, 80 W KTP laser. 
The system uses a side-firing glass fiber, which can be passed 
directly through either a 22.5Fr or 23Fr continuous flow laser 
cystoscope or a standard 27Fr continuous-flow resectoscope. 
Saline is the favored irrigant, which minimizes the risk of 
dilutional hyponatremia. The speed of tissue removal is a 
drawback with the PVP 80 W laser and is limited to 0.3- 
0.5 g/min [55]. This limits its use in larger prostates, which 
may take a considerable amount of time to complete the 
ablation. 


The procedure is performed under general or spinal anes- 
thesia, with the use of video endoscopy. Laser vaporization is 
accomplished by holding the laser fiber approximately 0.5 to 
1 mm away from the tissue, while deploying a rotational 
motion over the adenoma. A 600-micron fiber with a 1.8 mm 
quartz capsule emits the beam at a 70° lateral deflecting 
angle [56]. 

The procedure usually begins at the bladder neck posteri- 
orly. If there is a prominent median lobe, visual ablation of 
the obstructing adenomatous tissue can immediately be per- 
formed. By starting at this region, the operating surgeon 
allows for clearance of this tissue, which facilitates the pas- 
sage of continuous flow irrigation during the remainder of 
the procedure. The ureteral orifices should be noted at the 
outset, and great care should be exerted in avoiding injury to 
the bladder or either ureteral orifice. This can be accom- 
plished by keeping the bladder full when treating the bladder 
neck and proximal portions of the prostate. Often two troughs 
are created at the 5 and 7 o’clock position within the pros- 
tate, which splits it into three lobes and brings some order to 
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the resection. The posterior lobe is usually treated first. When 
the surgeon begins this ablation, the laser fiber should not be 
directed immediately downward, as this can result in rectal 
wall injury. Rather it should be directed in more of a horizon- 
tal angle as it sweeps across this posterior portion of the 
prostate. 

Following ablation of the posterior lobe during PVP, the 
surgeon ablates the lateral lobes and, finally, the apex. An 
attempt to vaporize obstructing prostatic tissue, to the depth 
of the pseudocapsular fibers that delineate the region 
between the transition zone and the peripheral zone, should 
be made. When arterial or venous bleeding is recognized, the 
laser can be moved away from the tissue, which de-focuses 
the beam, and allows for tissue coagulation. Alternatively, a 
near contact technique can be used with lower power settings 
of 30—40 W [51]. 


Results Following a series of single center case reports 
[57, 58], Te et al. [59] reported on the results of the first 
multicenter prospective trial evaluating the 80 W KTP laser 
from the United States. With 139 men, and 12-month fol- 
low-up, the AUA-SI decreased from 23.9 to 4.3, QOL score 
decreased from 4.3 to 1.1, maximal urinary flow rate (Qm) 
increased from 7.8 to 22.6 ml/sec, and the post-void resid- 
ual urine volume (PVR) decreased from 114.3 to 24.8 ml. 
The transrectal ultrasound-estimated prostatic volume 
decreased from 54.6 to 34.4 ml, establishing this as a viable 
ablative option for select men with BPE. Approximately 
one-third of patients did not require a catheter beyond the 
recovery room, and 86% were hospitalized for less than 
24 hours. Complications occurred in 8.6% of individuals, 
and consisted of transient hematuria, dysuria, and urinary 
retention. At | year, two patients developed bladder neck 
contractures and one patient developed a soft urethral 
stricture. 


Two randomized clinical trials (RCTs) comparing 80 W 
KTP with TURP reported mixed results (Table 20.4) [51, 52, 
54, 57, 59]. In the first, Bouchier-Hayes et al. [60] random- 
ized 76 patients with medium-sized glands to KTP versus 
TURP. Overall KTP laser provided similar results to TURP, 
with respect to symptom score reduction, Qmax and PVR. In 
the other RCT by Horasanli, et al. [61], TURP significantly 
outperformed PVP in terms of all IPSS, Qm, and reduction 
of PVR. 

As mentioned above, one of the limiting factors to the 
widespread adoption of the PVP initially, was the slow rate 
of tissue vaporization. This caused problems, particularly 
when treating larger prostates. Retreatment rates using the 
80 W PVP, particularly for larger prostates are higher than 
TURP or open prostatectomy [61—63]. 
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Table 20.4 Efficacy of PVP with Greenlight 80 W, 120 W, and 180 W laser compared with traditional prostate surgery in several RCTs 


Follow-up Pre/postop Pre/postop Pre/postop 

Study No. patients (mo) IPSS (% change) Qm (% change) PVR (% change) 
Bourchier-Hayes et al. [51] (2010) 46 PVP (80 W KTP) 12 25.3/8.9 (65) 8.8/18.6 (111) 129/ 22 (82) 

39 TURP 25.4/10.9 (57) 8.9/19.4 (117) 111/17 (85) 
Horasanli et al. [52] (2008) 39 PVP (80 W KTP) 6 18.9/13.1 (31)* 8:6/13131(55)% 183/78.9 (57)* 

37 TURP 20.2/6.4 (68) 9.2/20.7 (125) 177/22.9 (87) 
Skolarikos et al. [54] (2008) 65 PVP (80 W KTP) 18 20/10 (50) 8.6/16 (86) 97/15 (85) 

60 OP 21/8.5 (60) 8.0/15 (87.5) 89/12 (87) 
Lukacs et al. [57] (2012) 69 PVP (120 W KTP) i2 22/6 (77) 7.8/16.7 (115) 89.5/0 (100) 

70 TURP 20/5 (70) 7.8 /16.8 (116) 79.5/7 (90) 
Bachmann et al. [59] (2014) 136 PVP (180 W KTP) 6 21.2/6.8 (68) 9.5/ 23.3 (145) NS 

133 TURP 21.7/5.6 (74) 9.9/ 24.2 (144) NS 


PVP photoselective vaporization, RCT randomized control trial, PSS international prostate symptom score, Qm maximal urinary flow rate, PVR 
post-void residual, KTP potassium titanyl phosphate, TURP transurethral resection of the prostate, OP open prostatectomy, NS not specified 


* Statistical significance 


Using laser diodes instead of an arc lamp to supply the 
energy to the Nd:YAG laser, the 120 W PVP laser was devel- 
oped, which accelerated the speed of vaporization and sig- 
nificantly reduced the surgical time, even for prostates 
>80 ml [64-66]. A meta-analysis of the 9 randomized clini- 
cal trials evaluating 80 W, 120 W PVP, and TURP found no 
differences in IPSS and Qm between PVP and TURP, but the 
data was limited to only 12-month follow-up [67]. 

The 180 W XPS GreenLight laser system represents the 
latest upgrade to the contemporary PVP armamentarium. It 
utilizes a special MoXy fiber that expedites and improves 
the overall efficiency of prostatic vaporization. Results from 
a large, prospective multicenter RCT (the Goliath trial) 
comparing XPS to TURP have been published [68]. The 269 
patients randomized were balanced in terms of baseline 
IPSS scores, age, Qm, PVR, PSA, and TRUS—volume, 
which was between 46 and 48 ml. At 6 months, patients 
undergoing TURP had a slightly better reduction of IPSS 
scores, which approached, but did not reach statistical sig- 
nificance (post-treatment IPSS 6.8+ 5.2 XPS vs 5.6 + 4.9 
TURP, p = 0.056). Qm, PVR, reduction in TRUS volume 
and change in the serum PSA did not differ between the two 
arms. The perioperative safety of the two procedures was 
comparable. Only one patient undergoing a TURP required 
a blood transfusion. Interestingly, while the incidence of 
storage symptoms (frequency, urgency, urge incontinence) 
was comparable between the two modalities, urinary incon- 
tinence was seen in 11% of XPS patients compared with 3% 
of TURP patients (p = 0.015). Most of these cases were 
mild, but further evaluation of this treatment effect is cer- 
tainly warranted. 

Thomas JA, et al. [69] recently provided 2-year follow-up 
of the Goliath study. They demonstrated that the overall 
IPSS, Qm, and PVR for both XPS and TURP was main- 
tained at 2 years. Overall 9% of patients undergoing XPS 
required reoperation for obstruction related to prostatic 
regrowth, bladder neck contractures, or urethral strictures. 


This was not significantly different from the 7.6% retreat- 
ment rate in patients undergoing TURP. 

The Goliath study placed prostate size limits at 100 ml; 
however, there have been two multi-institutional reports 
highlighting the safety and efficacy of Greenlight for patients 
with larger prostates. Meskawi M, et al. [70] reported on 438 
patients with prostate glands >100 ml by transrectal ultra- 
sound who were treated at 8 centers across Canada, USA, 
and France. With operative times averaging 90 minutes, 
overall IPSS scores dropped by 80%, peak urinary flow rates 
increased 220% and post-void residual volumes declined by 
88% with a median length of stay and catheterization period 
of only 24 hours. There were few complications in this series; 
however, the retreatment rates were 5.4% and 9.3% at 2 and 
3 years respectively. In another series by Stone, et al. [71], 
XPS was used in a special vapo-enucleation technique to 
treat 70 patients with a mean prostate size of 202 g (152- 
376 g). With an average operative time of 180 minutes, the 
mean catheterization and hospitalization time was 24 hours 
and IPSS, Umax, and PVR improved significantly. Overall 
there were 22.7% complications. 

With respect to safety, the literature has consistently 
reported that PVP is associated with less blood loss when 
compared to TURP [60-62, 66]. Patients may undergo 
Greenlight laser treatment even when they remain on systemic 
antiplatelet and anticoagulation therapy. In a multi-institutional 
series reported by Lee, et al. [72] outcomes for 186 patients on 
aspirin (N = 146; 38%), clopidogrel (N = 34; 8.95), and warfa- 
rin (N = 57; 14.8%) were compared with 198 patients not tak- 
ing systemic antiplatelet or anticoagulation therapy. With an 
average prostate volume of 84 ml for the entire group, there 
were no differences in terms of operative time, lasing time, 
total energy used, number of fibers used, intraoperative or 
perioperative bleeding, and length of stay. No patient in either 
group required a blood transfusion, although there were two 
times as many conversions to TURP in the systemic antico- 
agulation group (25 (13.5%) versus 13 (6.1%); p = 0.01). 
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Few studies have evaluated long-term follow-up of 
patients undergoing PVP. Overall, there appears to be a rela- 
tively low risk of bladder neck contractures [62, 66] urinary 
incontinence, and erectile dysfunction [66]. There is a sig- 
nificant risk of anejaculation, that is not as high as TURP 
[73]. This is discussed more comprehensively later in this 
chapter. 


Holmium Lasers 


The holmium laser is a pulsed, solid-state laser with a wave- 
length of 2140 nm. It is strongly absorbed by water and has 
a tissue penetration depth of only 0.2-0.4 mm. As a result, it 
rapidly vaporizes surface BPH tissue, and simultaneously 
coagulates blood vessels at the depths of penetration. Due to 
these unique properties, the holmium laser is quite versatile, 
and can be used for ablation, incision, resection, and enucle- 
ation of adenomatous prostatic tissue. 


Holmium Laser Ablation of the Prostate (HoLAP) 


Technique Gilling and Fraundorfer [74] initially treated 79 
patients with prostate volumes that varied from 45-133 cc. A 
60 W laser was deployed, using a 70° side-fire fiber, through 
a 24 or 26 Fr cystoscope (Fig. 20.9). Most of the reports indi- 
cate that the laser should be used to ablate an area that 
appears to be sufficient for micturition, although based upon 
the overall principles of TURP, the surgical capsule should 
be exposed circumferentially within the prostatic fossa. 
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Results There is only one randomized trial comparing 60 W 
and 80 W HoLAP to TURP [75]. With 36 patients random- 
ized, the trial demonstrated that HoLAP was associated with 
less bleeding, shorter catheterization and hospital stay, and 
equivalent efficacy at 1 year, in terms of AUA SI and Qm. 
Operative time was significantly longer in the HoLAP group. 
In response to this, higher power 100 W holmium lasers, 
which allow for more rapid tissue vaporization, are now 
being utilized in most centers, although RCTs are not yet 
available. 


Holmium Laser Enucleation of the Prostate 
(HoLEP) 


Technique With the development of a tissue morcellator 
[76], holmium laser enucleation of the prostate (HoLEP) is a 
technique that may be used for treatment of even extremely 
large prostate glands. While the technique described in the 
next few paragraphs seems relatively straightforward, there 
is a significant learning curve associated with HoLEP 
[77-80]. 


The holmium laser utilizes an end-firing bare contact fiber 
that is used to make two longitudinal incisions along the 5 
and 7 o’clock positions, through the adenoma, and directly 
onto the surgical capsule of the prostate. The incisions are 
carried out from the bladder neck toward the prostatic apex, 
where a third transverse incision is made, connecting the two 
longitudinal incisions. The beak of the cystoscope is then 


Fig. 20.9 (a, b) Endoscopic view of holmium laser ablation of the prostate (HoLAP), demonstrating the post treatment defect which appears 
blanched and irregular 
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used to lift the apex of the prostate, on the bladder side of the 
verumontanum, similar to the manner in which a surgeon 
enucleates the prostate during open prostatectomy. The laser 
fiber is advanced and slowly develops an enucleation plane, 
ablating the adenoma that is visualized, and leaving a rim of 
coagulated surgical capsule behind. At the bladder neck, the 
tissue is incised transversely by the laser, and pushed into the 
urinary bladder. By staying on the posterior portion of the 
surgical capsule, on occasion, the bladder neck can be under- 
mined and the resection can inadvertently extend toward the 
ureteral orifices. The surgeon must keep this in mind, par- 
ticularly as the bladder neck is approached. To avoid this, a 
transverse incision can often be made across the median lobe 
as the surgeon approaches the bladder neck, allowing it to be 
sheared off. This avoids the problem of undermining the 
bladder neck. 

Next, incisions are made at the 11 and 1 o’clock positions 
and the enucleation plane proceeds from 7 to 11 o’clock and 
5 to 1 o’clock, starting at the apex and working toward the 
bladder neck. The lateral lobes are pushed into the urinary 
bladder. 

The tissue morcellator is then deployed. The bladder is 
filled to capacity, in order to avoid the bladder wall from get- 
ting suctioned into the morcellator. Once all of the tissue has 
been morcellated and removed from the bladder, hemostasis 
is achieved by placing the laser fiber several millimeters 
from the tissue. By defocusing the beam at this distance, it 
can coagulate, rather than vaporize the tissue. 


Results Table 20.5 [79, 81-88] outlines the results of sev- 
eral RCTs comparing HoLEP to TURP and open prostatec- 


Table 20.5 Efficacy of HoLEP versus TURP and open prostatectomy 


Follow-up 

Study No. patients (months) 

Tan et al. (2003) [79] 31 HoLEP 12 
30 TURP 

Kuntz et al. (2004) [81] 100 HoLEP 18 
100 TURP 

Montorsi et al. (2004) [82] 52 HoLEP 12 
48 TURP 

Gupta et al. (2006) [83] 50 HoLEP 12 
50 TURP 
50 TUVP 

Wilson et al. (2006) [ 84] 31 HoLEP 24 
30 TURP 

Sun et al. (2014) [ 85] 82 HoLEP 12 
82 TURP 

Jhanwar et al. (2017) [86] 72 HoLEP 24 
72 TURP 

Kuntz and LeHrich (2002) [87] 60 HoLEP 6 
60 OP 

Naspro et al. (2010) [88] 41 HoLEP 24 
39 OP 
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tomy demonstrating comparable short-term results in terms 
of symptoms score reduction, Qmax, and PVR. In consider- 
ing TURP versus HoLEP, postoperative length of stay, dura- 
tion of catheterization, and the volume of tissue resected 
seem to favor HoLEP [79-86], while resections times are 
generally longer with HoLEP as a result of the morcellation. 
However, a recent meta-analysis [89] compared B-TURP 
with HoLEP and found that for medium-sized prostate 
glands, between 51-117 ml, operative times, postoperative 
catheter duration, volume of resected tissue, transfusion rate, 
reoperation, recatheterization, and UTI between the two 
groups were not different. Overall, 14 of the 160 HoLEP 
patients reported urinary incontinence following the proce- 
dure, compared with 6 of the 160 B-TURP patients. 


Transient stress urinary incontinence (SUI) is a signifi- 
cant problem that is unique to HoLEP and occurs in 4.9-23% 
of patients [90-93] and improves within 3 months in 70-90% 
of patients [94]. 

Data from HoLEP series suffer from relatively short-term 
follow-up. With 3-,5-, and 6-year follow-up HoLEP is dura- 
ble, and retains similar efficacy to TURP with respect to 
voiding parameters [89, 91, 95, 96, 97]. HOLEP may provide 
long-term benefits over PVP, as suggested in a recent study 
evaluating 5-year outcomes for a large series of consecutive 
patients undergoing HoLEP (N = 754) and PVP (N = 439) 
[93]. The overall degree of reduction of the IPSS and the 
improvement in the Q max and QoL indices for HOLEP was 
greater at almost all-time frames following surgery than it 
was for PVP. Despite this, there were significant differences 
in perioperative complications between the two groups in 


Pre/postop Pre/postop Pre/postop 
IPSS (% change) Qm (% change) PVR (% change) 
26.0/4.3 (83) 8.4/21.8 (159) 78/28 (64) 
23.7/5.0 (79) 8.3/18.4 (122) 86/47 (45) 
22 (O2)* 4.9/27.9 (469) 237/5.3 (98) 
21.4/3.9(82) 5.9/27.7 (369) 216/ 26 (88) 
21.6/ 4.1 (81) 4.3/15.5 (206) NS 

PEO IOE) 4.3/ 12.1 (217) NS 

23.4/ 5.2 (78) 5.2/ 25.1 (387) 112/<20 (82) 
23.3/ 5.6 (76) 4.5/ 23.7 (427) 84/ <20 (76) 
24.9/ 5.4 (78) 4.7/ 23.6 (407) 103/ <20 (81) 
26/6.1 (77) 8.4/21.0 (150) NS 

23.7/5.2 (78) 8.3/19.3 (133) 

24.4/4.9 (79) 5.3/19.8 (274) 116/12.7 (89) 
24.5/7.5 (69) 5.7/18.2 (219) 108/23.2 (79) 
26.0/5.0 (81) 8.4/26.1(209) 185/17.2 (91) 
25.9/5.0 (81) 8.7/ 24.9 (186) 187/19.2 (90) 
22.1/2.4 (89) 3.8/29.9 (686) 280/4.4 (99) 
21.0/2.8 (87) 3.6/27.0 (650) 292/ 2.1 (99) 
20.1/7.9 (61) 5.3/11.6 (146) NS 

21.6/8.1 (63) 4.8/ 12.2 (142) NS 


HOLEP holmium laser enucleation of the prostate, TURP transurethral resection of the prostate, IPSS international prostate symptom score, Qm 
maximal urinary flow rate, PVR post-void residual, TUVP transurethral vaporization of the prostate, OP open prostatectomy, NS not specified 


* Statistical significance 
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terms of: perioperative transfusions (0.8% HoLEP vs 0 
PVP), recatheterization (5.8% HoLEP vs 0.7% PVP), urge 
incontinence (5.0% HoLEP vs 1.4% PVP), stress inconti- 
nence (23.3% HoLEP vs 0.2% PVP), urethral strictures 
(2.4% HoLEP vs 0.5% PVP), and the need for repeat BPH 
surgery (2.7% PVP vs 0 HoLEP). 

Two RCTs have compared OP with HoLEP for those 
patients with larger prostates [86, 87]. HoLEP provided sig- 
nificant benefits in terms of reduction in postoperative LOS, 
period of catheterization, and overall convalescence. Blood 
loss was reduced, which translated into a reduction in the 
need for homologous blood transfusions. Overall 8 of 60 
(13%) OP patients [87] and 2 of 39 (5.1%) [88] OP patients 
from the two series required homologous transfusion versus 
none in the HoLEP groups. Five-year follow-up confirmed 
the durability of symptom score improvement resulting from 
HoLEP as well as providing evidence of comparable reop- 
eration rates as that of OP [98]. 

In another study, Zhang, et al. [99], compared periopera- 
tive parameters in 600 patients undergoing HoLEP by sev- 
eral high-volume surgeons with 32 robotic simple 
prostatectomies (RSP) performed by two expert surgeons 
between 2008 and 2015. Operative time (103mins HoLEP vs 
274mins RSP), hemoglobin decrease (1.8 g/dl HoLEP vs 
2.5 g/dl RSP), transfusion rates (1.8% HoLEP vs 9.4% RSP), 
postoperative length of stay (1.3 days HoLEP vs 2.3 days 
RSP), and duration of catheterization (0.7 days HoLEP vs 
8 days RSP) favored HoLEP. Nevertheless, there were no 
significant differences in the overall incidence of Clavien- 
Dindo grade 3 complications or greater. 

While HoLEP has traditionally been intended for use in 
patients with larger prostate volumes, several recent studies 
have confirmed that it is a relatively volume-independent 
option for LUTS attributed to BPH. In a retrospective single 
center series of patients undergoing HoLEP by a single sur- 
geon between 2012 and 2015, Park et al. [100] compared 30 
patients with prostate volumes <30 ml with 102 patients 
having prostate volumes >30 ml. There were no significant 
differences between the groups in terms of postoperative 
IPSS, QoL, Qmax, and PVR. Shorter enucleation times were 
noted for those patients with smaller prostates, but there 
were no differences in blood loss or complications as a result 
of surgery. Similar to results seen with other transurethral 
surgical procedures, the patients with smaller prostate glands 
did have a higher risk of bladder neck contractures (3 of the 
30 patients with <30 ml prostates developed bladder neck 
contractures vs none of the patients with larger prostates). 

In another retrospective series Kim et al. [101] evalu- 
ated a cohort of consecutive patients with prostate volumes 
<40 ml by transrectal ultrasonography, who subsequently 
underwent PVP (N = 176) and HoLEP (N = 162). There 
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were no significant differences in terms of operative time, 
duration of catheterization, or perioperative complica- 
tions. The postoperative changes in IPSS, Qmax, and PVR 
were also not significantly different at 1 year following 
surgery. 


Thulium Lasers 


Thulium lasers have absorption characteristics that are simi- 
lar to that of holmium: YAG lasers, but due to the continuous- 
wave output accomplish more efficient tissue vaporization. 
Several techniques have been reported with the thulium: YAG 
laser for BPH. Unfortunately, there are few randomized clin- 
ical trials comparing these techniques with traditional treat- 
ments. Nevertheless, because of the similarity to holmium 
lasers, there will undoubtedly be more work in this area in 
the future. 


Techniques The basic skill sets required to utilize thulium 
lasers are similar to those of the holmium laser. Thulium 
vaporesection (ThuVARP) is in many ways similar to TURP 
in that small tissue chips are resected from the gland. In one 
RCT [102] and one non-randomized clinical trial [103] com- 
paring ThuVARP with M-TURP, thulium laser-treated 
patients showed a reduction in bleeding and transfusion 
rates, shorter hospitalization, and shorter catheterization 
time. Thulium vapoenucleation (ThuVEP) has been com- 
pared to HoLEP in a single randomized trial [104]. With 
6-month follow-up, no differences in outcomes or morbidity 
were noted. 


Microwave Therapy of BPH 


Under induction of a microwave field, water molecules, 
which have weak unequal dipoles, attempt to orient them- 
selves within the field. The oscillation of the electromagnetic 
wave between negative and positive charges causes polar 
molecules to rotate, generating frictional heating and coagu- 
lation necrosis when temperatures reach above 60 °C. This is 
known as dielectric heating. 

TUMT has undergone numerous modifications over the 
past 20 years. The route of administration has moved from a 
transrectal approach to a predominantly transurethral 
approach. The energy levels have also moved from low to 
higher energy as there has been development of effective 
cooling systems to prevent damage to surrounding tissues. 
As a result of these changes, the prostate may undergo 
greater tissue damage with less damage imparted to the 
urethra. 
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There are currently 5 FDA-approved systems in the 
United States. These include: 


1. TherMatrx (American Medical Systems, Minnetonka, 
Minnesota, USA). 

2. Prostatron (Urologix, Minneapolis, Minnesota, USA). 

3. Targis (Urologix, Minneapolis, Minnesota, USA). 

4. Prolieve (Boston Scientific Corporation, 
Massachusetts, USA). 

5. CoreTherm (ProstaLund, Lund, Sweden). 


Natick, 


All the available systems work in a similar fashion to 
deliver microwave energy to the prostatic tissue with a 
feedback system connected to a monitor displaying tempera- 
ture levels and energy being delivered. The main difference 
between them is the design of the urethral catheter and 
microwave antenna. The antenna design has significant effect 
on the heating profile [105]. 


Technique TUMT is a relatively simple, in-office proce- 
dure that can be performed under local anesthesia. The 
patient is positioned in the dorsal lithotomy position. The 
Microwave catheter is introduced in a similar fashion to that 
of a urethral catheter. The balloon is inflated within the uri- 
nary bladder, in order to make sure that there is no movement 
of the catheter during treatment. Treatment is initiated and 
typically lasts from 30 minutes to 60 minutes. A urethral 
catheter is left in place for a few days, at the discretion of the 
surgeon. 


Results In a pooled analysis of 540 patients across 6 trials 
[106] several conclusions regarding the use of microwave 
thermotherapy were reached: 


1. The pooled mean symptom score for men undergoing 
TUMT decreased 65% in 12 months (19.4—6.7) versus 
77% (19.6—4.5) in the men undergoing TURP. 

2. TURP led to greater improvement in peak urinary flow 
than TUMT. The pooled mean peak urinary flow for men 
undergoing TUMT increased 70% (from 7.9 mL/s to 
13.5 mL/s) versus 119% (from 8.6 mL/s to 18.7 mL/s) in 
men undergoing TURP. 

3. TUMT participants (7.54/100 person-years) were 
more likely than TURP participants (1.05/100 person- 
years) to require retreatment for BPH symptoms 
(p < 0.001). 


Overall, TUMT is a safe, in-office procedure that may be 
offered as an alternative treatment for BPH. Clearly, its over- 
all efficacy is not as profound as many of the other treat- 
ments presented in this chapter, and data regarding durability 
and long-term complications are lacking as of this time. 
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Prostatic Urethral Lift (PUL) 


The prostatic urethral lift (PUL) is a novel procedure that 
consists of the transurethral placement of suture-based 
implants, which hold the lateral prostatic lobes apart. The 
procedure differs from other ablative minimally invasive 
treatments for BPH in that it utilizes a mechanical means to 
address obstruction. 

The prostatic urethral lift is well-suited for those patients 
with predominantly lateral lobe enlargement. In fact, the 
presence of a large median lobe is a relative contraindication 
to the procedure. The size of the prostate does not seem to 
impact its success [107—109], although smaller prostate size 
is preferred during the learning curve. Transrectal-ultrasound 
determination of prostatic size, as well as a cystoscopic eval- 
uation to exclude a predominant median lobe enlargement, 
are mandatory prior to performing the procedure. 


Technique Patients are assessed preoperatively with a uro- 
flow, prostate and bladder ultrasound, and cystoscopy to 
assess the patient’s anatomy. Of note, the prostate gland will 
be compressed with the implant delivery system and can 
accommodate lateral lobes of up to 5 cm [110]. The surgeon 
should make note of any intravesical protrusion and the 
width of the lateral lobes [110]. 


The patient is positioned in the high dorsal lithotomy 
position with the patient’s buttocks slightly off the edge of 
the table to allow unrestricted movement of the implant 
delivery system. A periprostatic nerve block can be used, 
which makes it well suited as an office-based procedure. 
Alternatively, 10 ml cold (4 °C) viscous lidocaine gel (2%) 
can be inserted into the patient’s bladder using a catheter, and 
a second 10 ml aliquot of viscous lidocaine gel (2) can be 
placed in the urethra. General or regional anesthesia may 
alternatively be used. 

Using a standard 20 Fr cystoscope and a 0° lens, the blad- 
der and prostatic urethra are inspected. Once anatomical 
landmarks are identified, a custom implant delivery system 
that deploys suture-based anchors (The UroLift® System, 
NeoTract, Inc., Pleasanton, CA, USA) is placed into the cys- 
toscopic sheath (Fig. 20.10). Targeted sites are defined, and a 
19 G needle that houses a monofilament with metallic table 
is deployed into the prostatic urethra at the 10 o’clock and 2 
o’clock positions. As the needle is retracted, the tab engages 
the prostatic capsule and there is tension applied to the 
anchoring suture. The intraurethral endpiece pulls the ure- 
thral lumen open, burying the endpiece into the tissue, where 
it eventually becomes buried under the mucosal layer, subse- 
quently reducing the foreign body’s contact with the urine. 
The goal is to achieve a continuous anterior channel that 
mimics the lumen created with a foley catheter [110]. 
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Capsule 


Fig. 20.10 (a) In the prostatic urethral lift, a novel monofilament (M) 
suture-based system is used to separate the lateral prostatic lobes 
between a stainless steel urethral (U) anchor and nitinol capsular Table 
(CT). (b) Conceptual diagram of the rationale behind this approach. (c) 


Results The LIFT study was a 2:1 randomized, multi- 
institutional study evaluating 206 patients who underwent 
PUL versus a sham procedure (cystoscopy and dilation) 
[111]. Patients undergoing PUL had significant reductions in 
AUA-SI (22.2 + 5.5 baseline to 11.2 + 7.7 post-procedure), 
increase in Qm (8.0 + 2.4 baseline to 12.3 + 5.4 post- 
procedure), and reduction in PVR (85.5 + 69.2 baseline to 
75.8 + 83.9). This was significantly greater than the changes 
seen in the sham surgery group: AUA-SI (24.4 + 5.8 baseline 
to 18.5 + 8.6 post-procedure), Qm (7.9 + 2.4 baseline to 
9.9 + 4.2 post-procedure), and PVR (85.6 + 70.8 baseline to 
63.4 + 64). QOL improved significantly for the PUL (4.6- 
2.1) versus Sham (4.7-3.6), as well. 


With 5-year follow-up, data improvements in IPSS score, 
quality of life, and BPH Impact Index, and Qmax were 36%, 
50%, 52%, and 44% [112]. One of the main advantages of 
PUL is the lack of any significant difference noted in sexual 
function, which included erectile and ejaculatory function 
[112,113]. 

Recent 2-year follow-up was provided from the BPH6 
study [114], which assessed 80 patients with LUTS due to 
BPH who were enrolled in a prospective, randomized, con- 
trolled, non-blinded study from 10 European centers compar- 
ing TURP with Urolift. Symptom score improvements were 
noted in both groups; however, changes in IPSS, Qmax, and 
PVR were significantly better in the TURP arm. PUL was 
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The endoscopic view of the prostate preoperatively, immediately post- 
operatively, and at 6 months postoperatively is shown. (a, ¢ From 
McNicholas et al. [108] with permission Elsevier; b From Roerhborn 
et al. [111], with permission Wolters Kluwer) 


associated with an expedited recovery, improved ejaculatory 
function preservation, and avoidance of high-grade 
complications. 


Complications Approximately 30-50% of patients will 
require a postoperative catheter. Hematuria and UTIs occur 
occasionally (<5%). Fewer than 10% of patients experience 
irritative symptoms. Surgical retreatment was 13.6% over 
5 years [112]. Using several validated sexual function instru- 
ments in 40 patients undergoing PUL, there was minimal 
impact on erectile function and no patient exhibited anejacu- 
lation [113]. 


Water Vapor (Rezim™) Thermal Therapy 
for BPH 


One of the newer MISTs for LUTS utilizes radiofrequency to 
create thermal energy in the form of water vapor. The proce- 
dure has been named the Reziim System (Boston Scientific, 
Marlborough, MA). It utilizes a transurethral delivery device 
that is deployed through a standard, 4 mm, 30° cystoscope 
lens. Water vapor thermal energy is created by applying RF 
current against an inductive coil heater in the handle of the 
delivery device (Fig. 20.11) [115, 116]. A single-use 
18-gauge polyether ether ketone (PEEK) needle that can be 
deployed and retracted through the delivery device emits 
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Fig. 20.11 Water-vapor therapy consists of a radio frequency power 
supply generator (a) and a vapor delivery needle, which resides in the 
insulated delivery device until it is deployed (b) by depressing the blue 
deployment trigger. It is then able to be retracted back into the delivery 


water vapor at 103° Celsius in a circumferential fashion 
through 12 small holes spaced around its tip [115]. When 
heated to steam, water expands approximately 1700 times its 
liquid volume and carries up to 540 calories of energy per 
gram [117]. The stored thermal energy is released when the 
steam condenses from vapor to liquid upon contact with tis- 
sue [118]. 

Other forms of thermotherapy, such as transurethral nee- 
dle ablation and transurethral microwave therapy rely upon 
conductive transfer of heat from the site of entry destroying 
tissue within the path formed by the temperature gradient 
created by the probe. With water vapor therapy, there is no 
such gradient, and the steam emitted from the probe travels 
within the transition zone via convective energy transfer. 


Technique The procedure is an office-based procedure that 
may be performed with a peri-prostatic nerve block, with or 
without an oral sedative. The patient is positioned in the 
lithotomy position and the cystoscope lens, which is mounted 
on the handpiece, is delivered via a transurethral approach 
toward the prostate. Deployment of the needle begins 
approximately 1 cm distal to the bladder neck on each side of 
the prostate (right and left). Each deployment is accompa- 
nied by a 9-second water vapor treatment. After the initial 
lateral lobe treatments, the operator then repositions the 
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device by releasing the trigger and depressing a release button on the 
top of the handpiece. (From Dixon et al. [119], with permission 
Elsevier) 


handpiece 2 cm distally within the prostate and treats the lat- 
eral lobes on each side of the prostate again. The number of 
deployments/treatments varies and is in direct proportion to 
the size of the prostate gland. Once the lateral lobes have 
been treated distally, toward the verumontanum, the median 
lobe may be treated, as well. 


Results In the pilot study [119], 65 men with LUTS, base- 
line IPSS >15, peak urinary flow rate < 15 ml/sec, PVR 
<300 ml, and prostate volumes 20-120 cm were treated. 
There were slight modifications in dosimetry in this group of 
patients, which established that the optimal dose was 208 
calories delivered over 9 seconds, using 0.4 ml of sterile 
water. This resulted in a temperature of 103° Celsius. The 
first month following the procedure, patients experienced 
modest improvements within the IPSS, Qm, and PVR. It was 
not until 3 months, however, that dramatic, and highly sig- 
nificant improvements in the IPSS, peak urinary flow rate, 
and post-void residual were seen. The effects were main- 
tained at 12 months (Table 20.6) [119-121]. During that 
period of time the QoL indices improved by 61%, from 4.3 
(1.1) at baseline to 1.7 (1.4) at 12 months’ follow-up. Rezim 
caused a transient increase in serum PSA, which then nor- 
malized to the baseline levels at 6 months. 
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Table 20.6 Efficacy of water vapor therapy 
Follow-up IPSS pre/post-treatment Qm pre/post-treatment PVR pre/post treatment 

Study No. patients (mo) (% change) (% change) (% change) 

Dixon et al. (2015) [119] 65 Rezim 12 21.7 /9.2 (57%) 8.1/12.8 (58) 90.7 /63.1 (30) 

McVary et al. (2016) [120] 130Rezim 12 22.4/10.2 (55) 9.8/14.9 (34) 83.2/79.8 (4) 

61 Sham 3 21.9 /17.4 (21) 10.4/10.8 (4) 85.5/92.7 
Mollengarden et al. (2018) [121] 89 Rezim 6 18.5 /6.9 (63) 10.8 /16.8 (56) 108 /73 (33) 


IPSS international prostate symptom score, Qm maximal urinary flow rate, PVR post-void residual, Sham control 


* Statistical significance 


In a multicenter RCT [120], 197 patients were random- 
ized 2:1 to Rezim or a sham/control arm that consisted of 
patients undergoing rigid cystoscopy accompanied by simu- 
lated active treatment sounds. Patients and the study person- 
nel obtaining follow-up data were blinded to the study 
participant’s treatment arm for 3 months. Men 50 years or 
older with a baseline IPSS score > 13, prostate volumes 
ranging from 30-80 cm, maximum urinary flow rate < 15, 
and post-void residual volumes <250 ml were evaluated at 
15 sites within the United States. Results are illustrated in 
Table 20.6 [119-121], demonstrating that water vapor ther- 
apy resulted in a 50% reduction in IPSS versus 20% in the 
control group. A > 8-point improvement in IPSS, which was 
characterized as a marked response, was present in 74% of 
the treatment arm patients versus 31% of the controls. 
Notably, Reziim preferentially impacted those patients with 
more severe LUTS (IPSS 19 or more), who had mean 
decreases in the IPSS of 14.2 +/ 7.3 at 6 months and 13.5 + 
6.9 at 12 months. Similarly, maximum urinary flow rates and 
QoL measures improved by 50% or more. In the 2-year fol- 
low-up study [122], patients from the treatment arm demon- 
strated a sustained 51% reduction in IPSS from baseline, 
with 5 and 8 point or greater decreases in 84% and 74% of 
subjects, respectively. Maximum urinary flow rate and QoL 
index responses remained durable at 2 years. Finally, those 
patients with a median lobe who underwent treatment at the 
discretion of the surgeon, had similar IPSS and Qmax 
improvements as did patients without median lobe treatment. 
At 24 months, PVR reduction was significantly greater in the 
median lobe-treated patients who demonstrated a 45% reduc- 
tion in PVR compared to 15% in those who did not have the 
median lobe treated. 

Eligible patients within the control arm were permitted to 
crossover into active treatment at 3 months, following 
unblinding of the study [122]. Serving as their own control 
group, 51 crossover patients demonstrated significant 
improvement in IPSS (10 points, approximately 50% 
improvement) when compared to their scores following 
sham treatment (2.5 points, 11.4% improvement). Four-year 
follow-up data from the RCT have been recently published 
and confirm durability of the water vapor therapy [123]. 
Additionally, results from a single center series have vali- 
dated the 50% reduction in IPSS, and 60% improvement in 


Table 20.7 Adverse events associated with water vapor thermother- 
apy per randomized controlled trials (from McVary et al. [124] with 
permission Elsevier) 


Thermal treatment 


group Control group 
(N = 136) (N= 61) 
Subjects No. Subjects 
Adverse events (AEs) No. Events n (%) Events n(%) 
Serious AEs 8 LEO 0 
Non-serious AEs 164 59 Di 14 (23) 
(43.4) 
Dysuria 23 DS 1 1 (1.6) 
(16.9) 
Hematuria, gross 16 16 0 0 
(11.8) 
Hematospermia 10 10(7.4) 0 0 
Urinary frequency 8 SKS DNO 0 
Urinary urgency 8 SISON 0 
UTI, suspected 6 T O 0 
Urinary retention 5 SEA O 0 
Decrease ejaculatory 4 4 (2.9) 0 0 
volume 
Anejaculation 4 4(2.9) 0 0 
Epididymitis 4 4(2.9) 1 1 (1.6) 
UTI, culture proven 4 4(2.9) 0 0 
Pain or discomfort, 4 4 (2.9) 0 0 


pelvic 


UTI urinary tract infection 


maximal urinary flow rates following water vapor therapy 
[123]. In this study, prostate volumetric analysis was per- 
formed for 27 patients prior to and > 6 months following the 
procedure, which demonstrated an overall volume reduction 
of 17%, which the authors point out is far less than the >50% 
reduction that is seen following a TURP. Nevertheless, 90% 
of patients were able to stop all medical therapy and 86% 
would recommend water vapor therapy to a friend under 
similar circumstances. 


Complications Most of the complications following water 
vapor therapy have been mild and transient. In the pilot 
study, complications were predominantly Clavien- Dindo 
Grade 1 & 2, and included transient urinary retention, dys- 
uria, urgency, and hematuria [119]. A listing of the complica- 
tions associated with the RCT is depicted in Table 20.7. It is 
noteworthy that the single center series reported by 
Mollengarden, et al. [121] reported a 17.3% incidence of 
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post-procedural UTIs. Additionally, 4 patients (3.1%) 
required additional procedures for strictures, bladder neck 
contracture, clot retention, and cystolitholopaxy. 


Retreatment rates following water vapor therapy in the 
RCT were found to be 4.2% at 24 months, with 8 of the 
188 patients requiring: open prostatectomy (n = 1), a sec- 
ond water vapor treatment (n = 3), and TURP (n = 4) [122]. 
In the single center series, 3 patients (2.3%) required 
retreatment with water vapor therapy (n = 2) or PVP 
(N = 1) [121]. 

With regard to sexual function following Reztim, 
McVary et al. [124] evaluated erectile and ejaculatory 
function in patients from the RCT using the International 
Index of Erectile Function (IIEF) and the Male Sexual 
Health Questionnaire for Ejaculatory Function (MSHQ- 
EjD). There were no changes noted in any of the 5 domains 
of the IIEF (erectile function orgasmic function, sexual 
desire, intercourse satisfaction, and overall satisfaction). 
The mean MSHQ-EjD did not change from baseline. 
However, 32% of men indicated a minimal clinically 
meaningful improvement in EF within 3 months and for 
27% it was sustained at a year. Modest decreases in ejacu- 
late volume occurred in 6 men (4.4%) and another 4 (2.9%) 
reported that they had anejaculation following treatment. 
In the single center series [123], 4 (3.1%) patients reported 
erectile dysfunction and 4 (3.1%) patients reported anejac- 
ulation following the procedure. Baseline assessments 
were not performed, making it difficult to draw conclu- 
sions from this data. 


Fig. 20.12 Aquabeam 
Console™ consisting of the 
conformal planning unit 
(CPU), Aquablator™ robotic 
handpiece, and Aquablator™ 
console (PROCEPT 
Biobiotics, Redwood City, 
CA). (From MacRae and 
Gilling [126], with permission 
The Canadian Journal of 
Urology) 
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Aquablation 


Aquablation of the prostate is a novel technique that uses 
high speed, heat-free saline to ablate obstructive prostatic tis- 
sue. It has been developed by PROCEPT BioRobotics 
(Redwood City, CA), who obtained Food and Drug 
Administration (FDA) approval for the AquaBeam® System 
used for Aquablation of the prostate [125, 126]. This system 
is designed to deliver minimally invasive therapy to improve 
LUTS due to BPH and integrates robotics, direct vision, and 
ultrasound guidance. It offers the advantages of shorter 
resection time, predictability, and a reduced likelihood of 
anejaculation. 

As depicted in Fig. 20.12, the AquaBeam® robotic sys- 
tem is comprised of 3 main components: a conformal plan- 
ning unit (CPU), the Aquablator™ console, and the reusable 
Aquablator™ robotic handpiece, which is equipped with the 
single-use AquaBlade™ cutting probe [127]. The procedure 
is largely automated and is able to precisely deliver therapy 
customized to the patient. 


Technique For this procedure, antibiotic prophylaxis is 
administered prior to induction of general or spinal anesthe- 
sia, and the patient is placed in dorsal lithotomy position. 
The surgeon places a transrectal ultrasound (TRUS) trans- 
ducer and it is secured to the operating table. The handpiece 
is placed transurethrally into the prostatic urethra with a cus- 
tom 24 French cystoscope that is part of the AquaBeam ® 
system to provide direct visualization. The cystoscope, is 
anchored in place, approximately 1—2 centimeters into the 


+— Corformal Manning Unit CPU 


— Robotic Handpiece 
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Robotic Hardipiece 
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Fig. 20.13 (Left) Measuring depth and angle of resection of the pros- 
tate using transrectal ultrasound displayed on the CPU. (Right) Surgical 
mapping of the prostate in the sagittal plane displayed on the CPU. 


bladder neck and proximal to the external urinary sphincter, 
with a balloon located at the distal tip, which is deployed into 
the bladder [126]. 


Once the handpiece and TRUS probe are securely posi- 
tioned, the surgeon visualizes the prostate in transverse 
ultrasound view, and confirms that the markers are appropri- 
ately aligned along the boundaries of the prostate (Fig. 20.13). 
Selective ablation will be achieved by delivering a high- 
speed sterile saline jet through the distal aspect of the 
AquaBlade ™ probe that is able to move longitudinally and 
rotate axially, which will in turn precisely ablate prostatic 
glandular tissue. Collagenous tissues such as the prostatic 
capsule and vasculature are spared, and laser energy deliv- 
ered via a column of water can achieve hemostasis [127]. 
With the Aquablator™ console, the surgeon is able to control 
and adjust the movement of the probe, as well as laser and 
fluid settings prior to initiation of therapy [127]. The hand- 
piece is connected to the console via a cable and a pump 
system that delivers the fluid and can aspirate prostatic tissue 
for pathologic analysis. 

At this point, the surgeon activates the foot pedal to begin 
Aquablation. The Aquablation process has two phases: a cut- 
ting phase and coagulation phase [127]. During the cutting 
phase, the surgeon can make adjustments to the depth of pen- 
etration, length of resection, and contour of the gland based 
on ultrasound imaging of the prostate. This is important for 
surgical mapping to avoid resecting the bladder neck and the 
verumontanum [126]. When the therapy is started, the stream 
of sterile, heat-free saline is pumped from the console at 
pressures that range from 500 to 8000 PSI to ablate the pros- 
tatic tissue based on the predetermined parameters specific 


(From MacRae and Gilling [126], with permission of The Canadian 
Journal of Urology) 


for the patient. During the coagulation phase, a low-pressure 
saline stream (approximately 5—15 PSI) in combination with 
a2 W green light laser (532 nm wavelength) allow for hemo- 
stasis. It is sometimes necessary to use monopolar or bipolar 
cautery to assist with hemostasis [126]. At the conclusion of 
the procedure, the device is removed, and a three-way Foley 
catheter with the balloon inflated in the prostatic defect for 
approximately 5 hours [128]. 


Results 


The WATER (Waterjet Ablation Therapy for Endoscopic 
Resection of Prostate Tissue — NCT02505919) trial was a 
double-blind, multicenter, multinational, prospective, RCT 
of 181 men with prostate volumes of 30-80 cc and with 
moderate to severe LUTS due to BPH who underwent either 
Aquablation or TURP to assess efficacy and safety [129]. 
Men were randomized in a 2:1 fashion, and the study’s pri- 
mary efficacy endpoint was the change in IPSS from base- 
line to 6 months. The primary safety endpoint was the 
proportion of patients with adverse events related to the pro- 
cedure and Clavien-Dindo > grade 2 or any grade 1 resulting 
in persistent disability through 3 months post-treatment. 
Compared to baseline, both groups experienced a significant 
decrease in IPSS score at 6 months. For Aquablation, mean 
IPSS declined from 22.9(+6.0) to 5.9 (+ 5.0) and for TURP 
mean IPSS declined from 22.2 (=/—6.1) to 6.8 (+ 5.5). The 
mean difference between the two arms was enough to dem- 
onstrate noninferiority. The quality of life domain of the 
IPSS score improved similarly for both groups (decrease of 
3.5 for Aquablation vs 3.3 for TURP, p = 0.4582), as did the 
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Qmax (Aquablation: 9.4 (+3) to 20.3 (+10.9) ml/second and 
TURP: 9.1 (+ 2.7) to 18 (+ 7.5) ml/sec. Resection time was 
significantly lower for those receiving Aquablation versus 
TURP (4 vs 27 minutes, p < 0.0001), but overall operative 
times were similar (33 vs 36 minutes p = 0.2752). The aver- 
age hospital stay was 1.4 days for days in each group and the 
catheter was removed on average of | day postoperatively in 
each group. 

In terms of safety, 26% of patients undergoing Aquablation 
experienced adverse events > grade 2 or any grade | result- 
ing in persistent disability compared with 42% of the TURP 
group (p = 0.0149) [129]. The overall risk of grade 2 and 
greater events was comparable between the two arms (20% 
Aquablation versus 23% TURP). There were no instances of 
de novo erectile dysfunction noted and there was a lower 
incidence of anejaculation in sexually active males undergo- 
ing Aquablation compared with TURP (10% vs 36%). In a 
single center series reported by Bach, et al. [130] there were 
8.5% of patients who experienced Clavien-Dindo grade 2 or 
higher complications, suggesting that with additional experi- 
ence using this technique, the safety profile will undoubtedly 
improve. 

With 2-year follow-up [131], IPSS scores were main- 
tained with improvements of 14.7 (+ 7.1) points in the 
Aquablation group and 14.9 (+ 7.3) points following 
TURP. Similarly, Qmax remained high, with increases of 
11.2 (+ 11) ml/sec following Aquablation and 8.6 (+ 12.2) 
ml/sec following TURP. Anejaculation remained less com- 
mon after Aquablation (10%) vs TURP (36%), p = 0.0003. 

The WATER II (NCT03123250) trial was a multicenter, 
international, single arm clinical trial that assessed the safety 
and efficacy of Aquablation in men with larger prostate vol- 
umes (80-150 mL) who had LUTS attributed to BPH, with 1 
year-follow-up [132]. The primary efficacy and safety end- 
points were the same as the WATER trial [129]. A total of 
101 men were included in the study, average prostate volume 
was 107 cc, and 98 men completed 1-year follow-up. Total 
operating time and total resection time were 37 and 8 min- 
utes, respectively. In terms of efficacy at 6 months, IPSS 
score improved from 23.2 + 6.3 baseline to 5.9 + 5.4 at 
6 months (p < 0.0001) and IPSS QoL score improved from 
4.6 to 1.4 points (p < 0.001), with similar findings demon- 
strated at 1 year [133]. Overall 10 (9.9%) patients required a 
transfusion prior to discharge. Of the entire cohort, 22% of 
men had grade 2, 14% grade 3, and 5% grade 4 adverse 
events. There were no instances of de novo erectile dysfunc- 
tion in the group of sexually active patients and 81% main- 
tained antegrade ejaculatory function. 

In a planned exploratory subgroup analysis of the WATER 
trial [134], baseline factors that could predict a more marked 
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response to Aquablation compared to TURP were assessed. 
They found that men with larger prostate glands (50-80 g) 
had a larger reduction in IPSS score and a better safety pro- 
file in those undergoing Aquablation compared to 
TURP. Those men with enlarged middle lobes, severe 
obstruction secondary to a middle lobe, low urinary flow 
rate, elevated PVR >100 had larger changes in IPSS after 
Aquablation. In this study, sexually active men with large 
prostates also had lower rates of postoperative anejaculation 
compared to TUR. 


Complications 


In the WATER trial [129], the surgical retreatment rates for 
Aquablation were 1.7% at 1 year and 4.3% at 2 years. In men 
undergoing TURP, retreatment rates at 1 year were 0% and 
1.5% at 2 years. For men in the WATER II trial [132], no 
secondary procedures were performed for subsequent 
removal of tissue at 6 months. 

In the WATER II trial, 5% of patients had urinary inconti- 
nence that required pad use at 6 months, and 3% of patients 
required pad use at 12 months [133]. One patient who had 
Aquablation required artificial urinary sphincter placement 
for persistent stress incontinence during the 1-year 
follow-up. 

Significant bleeding with Aquablation is unusual. In the 
WATER trial [129], postoperative hemoglobin declined from 
14.9 to 13.0 for Aquablation and 14.7 to 13.7 for TURP 
(p = 0.0002), with one Aquablation patient requiring a peri- 
operative blood transfusion. As noted above, 9.9% of patients 
with larger prostates required a perioperative blood transfu- 
sion in the Water II trial [132]. 

Ejaculatory function assessed by change in Male Sexual 
Health Questionnaire for assessing Ejaculatory Dysfunction 
(MSHQ-EjD) was 0.8711 in Aquablation group compared to 
0.0103 in the TURP group [131] with no de novo erectile 
dysfunction seen in either group. At 1 year, sexually active 
men’s ITEF-5 were unchanged from baseline (15.1 at base- 
line to 16.3 at 1 year); 81% of sexually active men main- 
tained antegrade ejaculation [133]. 


The Impact of BPH Surgery on Sexual Function 


One of the more pressing concerns for men undergoing sur- 
gery for LUTs attributed to BPH is what impact the treat- 
ment will have on sexual function. Erectile dysfunction (ED) 
and BPH are among the most highly prevalent conditions 
effecting aging males. Although they have traditionally been 
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considered distinct, coexisting entities, there is growing evi- 
dence that LUTS and BPH may have a causal role in erectile 
dysfunction [135, 136]. Several plausible explanations for 
their association, include a decrease in nitric oxide synthase 
and nitric oxide levels, autonomic hyperactivity, pelvic ath- 
erosclerosis and alternative mechanisms involving rho- 
kinase and endothelial activity [137]. From the vantage point 
of causality, this perspective provides justification for the 
improvement in erectile function that often accompanies 
treatment of LUTS, as we will see. 

Studying alterations in sexuality that accompany the vari- 
ous surgical treatments for BPH has been hampered by a 
number of problems. First, many of the single or multicenter 
series are uncontrolled, have significant attrition, demonstrate 
selection bias, or do not fully assess sexual function using 
validated instruments. The existing RCTs that have evaluated 
many of the modalities discussed in this chapter are usually 
Statistically powered to assess treatment efficacy and are 
often underpowered to detect secondary outcome measures, 
such as sexual function. Finally, many contemporary BPH 
studies use abridged forms of the various sexual function 
questionnaires that focus on one particular domain of sexual- 
ity. While this provides convenience, the global impact of a 
particular treatment on sexuality is often not assessed. 

Despite these shortcomings, a review of existing random- 
ized clinical trials can glean some useful information about 
various therapeutic modalities and their effects on erectile 
function and on ejaculation. Several contemporary studies 
have evaluated the impact of TURP on erectile function and 
ejaculation. In a retrospective series by Pavone et al. [138] 6 
(5.5%) of the 109 patients with good preoperative erectile 
function and 5 (3.7%) of the 136 patients with mild or mod- 
erate ED developed worsening of their erectile function post- 
operatively. There were 22 (16.2%) patients with mild or 
moderate ED who demonstrated improvement in erectile 
function in the postoperative period. Overall the incidence of 
ejaculatory dysfunction in this large cohort was 48%, which 
is less than the 65-90% incidence noted from other studies 
[82, 139, 140]. Two RCTs have evaluated erectile function in 
patients undergoing B-TURP versus M-TURP. Despite no 
overall differences detected between the two modalities in 
terms of erectile function, the development of de novo ED in 
patients who had no prior history of ED was 16-18% with 
improvements noted in 28.2% and 23% [46, 141]. In a single 
study comparing erectile function in 139 patients random- 
ized to PVP and TURP, Lukacs, et al. [73] used the Danish 
Prostate Symptom Score Sexual Function Questionnaire to 
assess sexual function at 1,3,6, and 12 months following sur- 
gery. Little difference was noted between the two modalities 
prior to and following surgery, but 19% of patients devel- 
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oped worsening of their ED, while 22% improved postopera- 
tively. Other studies have shown the lack of a significant 
difference in the pre and postoperative erectile function 
scores between HoLEP and OP [88], HoLEP and M-TURP 
[82, 140], PVP and M-TURP [142], and PVP and HoLEP 
[143]. With regard to ejaculatory function, several studies 
have shown that PVP is less likely to cause EjD than HoLEP 
(28.5% PVP vs 88% HoLEP) [143] or TURP (34.5% PVP vs 
65% TURP) [142]. The incidence of EjD is similar between 
HoLEP, TURP, and simple prostatectomy at approximately 
80% [82, 88, 140]. 

PUL and water vapor therapy seem to provide the least 
detriment to erectile and ejaculatory dysfunction. One of the 
main advantages of PUL is the lack of any significant differ- 
ence noted in sexual function, which included erectile and 
ejaculatory function [112, 113]. With regard to sexual func- 
tion following water vapor therapy, McVary et al. [124] eval- 
uated erectile and ejaculatory function in patients from the 
RCT using the International Index of Erectile Function 
(IEF) and the Male Sexual Health Questionnaire for 
Ejaculatory Function (MSHQ-EjD). There were no changes 
noted in any of the 5 domains of the IEF (erectile function 
orgasmic function, sexual desire, intercourse satisfaction, 
and overall satisfaction). The mean MSHQ-EjD did not 
change from baseline. Overall, 32% of men indicated a mini- 
mal clinically meaningful improvement in EF within 
3 months and for 27% this improvement was sustained at a 
year. Modest decreases in ejaculate volume occurred in 6 
men (4.4%) and another 4 (2.9%) reported that they had an 
ejaculation following treatment, which is similar to the 4 
(3.1%) patients from the single center series [123]. Baseline 
assessments were not performed, making it difficult to draw 
conclusions from this data. 

Aquablation also seems to be a modality that preserves 
both erectile and ejaculatory function in the majority of 
cases. No de novo erectile dysfunction was noted in either 
the Water or Water II series, and the rate of anejaculation was 
noted to be 10% for smaller prostate glands and 19% in 
larger glands [129, 132, 133]. 


Prostatic Artery Embolization 


Although discussed extensively in other sections of this text- 
book, it is fitting to mention prostatic artery embolization at 
this time. PAE is a novel, minimally invasive approach to the 
management of LUTS attributable to BPH that has evolved 
over the last 10 years and is widely being utilized interna- 
tionally. With a large number of single center cohort studies 
and multiple comparison trials [144-149], PAE seems to be 
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more effective in patients with larger prostate glands [150]. It 
can be performed in an ambulatory setting, without a general 
or regional anesthetic, without a catheter, and with an excel- 
lent safety profile, making it ideal for patients with signifi- 
cant comorbid conditions or who require either 
anticoagulation or antiplatelet therapy. Existing AUA guide- 
lines argue that due to the paucity of evidence from high- 
quality clinical trials, PAE should not be performed outside 
of the context of a clinical trial [6]. However, the Society of 
Interventional Radiology has refuted these recommendations 
in their recently published position statement [151]. Robust 
randomized clinical trials comparing PAE with other MISTs 
for BPH are desperately needed. 


Putting It All Together: Developing 
a Personalized Surgical Strategy for LUTS 
Attributable to BPH 


As can be seen in this chapter, patients and the medical pro- 
viders who treat them have more choices than ever for the 
management of LUTS attributable to BPH. The recently 
updated AUA guidelines [6] advocate a surgical approach for 
men with one or more of the following conditions: renal 
insufficiency secondary to BPH, refractory urinary retention 
secondary to BPH, recurrent urinary tract infections, bladder 
stones, or gross hematuria due to BPH. Other individuals 
who may be considered for surgery include well-informed 
men who are either refractory to, unable to tolerate, or 
unwilling to continue medical therapies. The guidelines 


LUTS/ Clinical evaluation/ 
Surgical indications present: 


Fig. 20.14 A personalized 
approach to surgery for lower 
urinary tract symptoms LUTS 
attributable to benign y 
prostatic hyperplasia (BPH) 
Image-guided Assessment 
of Prostate Size 
and Shape 


Large prostate: 
e Simple prostatectomy (open/robotic) 


advocate the use of a standard history, AUA symptom index, 
and urinalysis in the initial evaluation and the use of PVR, 
uroflowmetry, or pressure flow studies in select patients. 
Assessment of the prostate size and shape using abdomi- 
nal imaging, transrectal ultrasound, cystoscopy, or by preex- 
isting cross-sectional imaging is a major deviation from prior 
versions of the AUA guidelines. It recognizes that for patients 
undergoing surgery, choices exist; some modalities are better 
suited for small, medium, and or large prostates. While size is 
one feature that may influence the choice of surgical modal- 
ity, the various medical comorbidities that an individual has, 
may also influence the safety of a particular surgical option. 
For instance, many patients require antiplatelet or anticoagu- 
lation therapy. PVP, HoLEP, or ThuLEP are better suited for 
these patients, who are at higher risk of perioperative bleed- 
ing. Finally the impact of the various therapies on sexuality 
must be considered. The importance of maintaining ejacula- 
tory and erectile function is highly individualized, and 
patients should be thoroughly informed about the potential 
detrimental impact of various therapies on these aspects of 
sexuality through a process of shared decision making. See 
Fig. 20.14, which summarizes some of these concepts and 
how they can be applied to individualize BPH treatment. 


Prostatic Abscess 


Prostatic abscess is a rare condition in post antibiotic era 
with an incidence of 0.5% among all prostatic diseases [152]. 
It is usually a complication of untreated or incompletely 
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treated bacterial prostatitis [153]. Major causative pathogens 
are Gram negative bacilli, which are isolated in 65-85% of 
cases [154, 155]. It is believed that primary mechanism of 
pathogenesis is reflux of infected urine into the ejaculatory 
ducts in patients with bladder outlet obstruction. The 
abscesses in such cases are more peripheral and the most fre- 
quent causative organism is Escherichia coli or other coli- 
form bacteria [153]. The second mechanism is hematogenous 
spread from a distant source. Risk factors for prostatic 
abscess include bladder outlet obstruction, urethral manipu- 
lation, diabetes, liver disease, and immunocompromised 
state [156, 157]. Delay in treatment can result in complications 
such as rupture into perineum, ischiorectal fossa, urethra or 
rectum and subsequent septicemia [152]. 

The clinical diagnosis is difficult as the symptoms and 
signs are nonspecific and overlap with that of prostatitis. 
Symptoms include acute urinary retention, fever, dysuria, 
urinary frequency, perineal pain, hematuria, urethral dis- 
charge, and lower back pain. The finding of tender, fluctuant 
mass on digital rectal examination is a specific but is a non- 
consistent sign [152, 157]. It is important to distinguish 
between prostatitis and abscess as the management is differ- 
ent for both. If prostatitis is not improving on appropriate 
intravenous antibiotics, it should raise the possibility of an 
abscess. Imaging modalities such as Transrectal ultrasound 
(TRUS), CT, and MR imaging play an important role in the 
diagnosis. TRUS is the most widely used technique as it is 
cheap, readily available, and does not involve radiation 
[158]. One or more hypoechoic areas within the gland with 
thick walls is the most common appearance of abscess [158]. 
It is important to distinguish as abscess from prostate cancer, 
which can be distinguished by blood flow on color and power 
Doppler examination. 


Treatment The patient should be started on broad spectrum 
intravenous antibiotics with adequate Gram-negative cover- 
age. Patients with urinary retention would need urethral 
catheter. Historically, primary treatment options included 
surgical interventions such as transurethral prostate incision, 
transurethral resection of prostate (TURP), or transperineal 
drainage. Transurethral resection and incision are associated 
with several risks such as hemorrhage, retrograde ejacula- 
tion, and sepsis. Sepsis is particularly important due to the 
theoretical risk of irrigation fluid-induced bacteremia in the 
scenario of abscess. 


Several studies have shown the safety and efficacy of 
TRUS guided aspiration in treating prostatic abscess [152, 
153, 159-161]. Advantages of TRUS guided drainage 
include ease of performance, low morbidity rate, and poten- 
tial of doing the procedure under local anesthesia/conscious 
sedation. TRUS enables precise puncture and drainage of 
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even small abscesses, although repeat aspirations may be 
needed for complete treatment. The largest series was 
reported by Vyas et al. [154], who successfully treated 48 
patients with TRUS guided aspiration. The authors proposed 
an algorithm that suggests that abscess greater than 2 cm be 
successfully treated with aspiration. For abscesses less than 
2 cm, initial conservative treatment with intravenous antibi- 
otics is suggested, failing which, aspiration is recommended. 
Transrectal drainage is preferred over transperineal drainage 
as itis more comfortable for the patient and the needle trajec- 
tory is shorter as the probe is in direct contact with prostate. 
Some authors have suggested placement of a drainage cath- 
eter [155]; however, this can be problematic as the catheter 
may be uncomfortable and it might be difficult to retain the 
catheter in place. There is also the theoretical risk of prostate- 
rectal fistula. 


Prostatic Utricular Cyst and Millerian Duct 
Cysts 


Prostatic utricular cysts (Fig. 20.15) are enlarged prostatic 
utricles that are most commonly associated with abnormal 
genitalia and mostly diagnosed in pediatric population. The 
incidence is 11% to 14% in association with hypospadias or 
intersex anomalies and it increases to more than 50% in the 
presence of perineal hypospadias [162]. 

Prostatic utricular cysts are vesicular or tubular in shape 
and often have free communication with the urethra. In con- 
trast, Miillerian duct cysts (Fig. 20.16) are round cysts that 
do not communicate with the prostatic urethra and are dis- 
covered later in adults with normal genitalia. They result 
from the failure of involution of the Miillerian duct system in 
males [163]. Kim et al. found the incidence to be 5% in gen- 
eral population and 17% in men with infertility [164]. Both 
Miillerian duct cysts and utricular cyst appear as midline 
prostatic simple anechoic or complex echogenic cysts on 
TRUS and radiologic differentiation is not usually possible. 

Although these cysts are most commonly asymptomatic, 
they can cause infertility by ejaculatory duct obstruction 
[165]. Symptoms include hematospermia, other ejaculatory 
disturbances, testicular or perineal pain, lower urinary tract 
irritative symptoms, lower urinary tract infection and male 
infertility. Signs of duct obstruction include hypospermia 
(volume less than 2 cc), severe oligospermia or azoospermia, 
low fructose and imaging findings of unilateral or bilateral 
dilatation of the seminal vesicle, ampulla, or vas deferens. 

Diagnosis can be made by TRUS or MRI; however, TRUS 
is preferred due to the availability and cost. Management 
options include TRUS guided aspiration, endoscopic ure- 
throtomy, and endoscopic marsupialization. The largest 
series of 65 patients by Coppens et al. [162], were treated by 
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Fig. 20.15 Prostatic utricular cyst. As can be seen from the MRI T2 weighted images, the fluid-filled cyst is located very close to the midline, in 
close proximity to the prostatic urethra 


Fig. 20.16 Miillerian duct cyst: In these T2-weighted images of the prostate, the posterior fluid filled cyst is noted in sagittal and coronal views. 
Because the cyst does not communicate directly with the prostatic urethra, it is not a utricular cyst 


20 Treatments for Benign Conditions of the Prostate Gland 


TRUS guided aspiration alone and symptom resolution was 
noted in 4 patients. Because aspiration is safe, well tolerated, 
can be done on an outpatient basis and does not compromise 
future treatment, it could be a good first step in management 
to relieve the irritative and obstructive symptoms. However, 
reaccumulation of the cyst fluid to some degree was seen in 
7 patients. The authors suggest evaluation with TRUS in all 
patients presenting with above mentioned symptoms. They 
also emphasize the need to treat only symptomatic patients, 
regardless of the size of the cyst. Another study showed the 
usefulness of intraoperative TRUS during transurethral inci- 
sion for precise targeting of the Miillerian duct cyst [165]. 
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Use of Imaging in Urology 


The kidney plays an essential role in blood filtration and the 
maintenance of electrolyte levels. It is a well-vascularized 
organ receiving approximately 20-25% of the cardiac output 
and plays an important role in the regulation of blood pres- 
sure [1]. Several pathologies that occur in the kidney and 
may be evaluated with imaging include renal masses, 
obstruction with or without hydronephrosis, nephrolithiasis, 
lymphoma, and urothelial carcinoma. 

When the renal collecting system or ureter is obstructed, 
this often leads to hydronephrosis and symptoms such as 
pain. Typically, patients with abdominal or flank/back pain 
are evaluated with US or CT as first-line diagnostic imaging 
modalities. Both are suitable to detect and grade hydrone- 
phrosis. Grading hydronephrosis is done based on the Society 
for Fetal Urology (SFU) grading system established in 1993. 
Patients without calyx or pelvic dilation are classified as 
grade 0, pelvic dilation only as grade 1, mild calyx dilation 
as grade 2, severe calyx dilation as grade 3, and calyx dila- 
tion accompanied by renal parenchymal atrophy as grade 4 
[2]. In 2014 a multidisciplinary consensus was reached on 
prenatal and postnatal urinary tract dilation (UTD) to 
decrease variability in renal imaging. The updates included 
recommendations to change the nomenclature of renal imag- 
ing to include a UTD classification system rather than use 
hydronephrosis, pelviectasis, uronephrosis, UT fullness, or 
pelvic fullness [3]. Ultimately, the new UTD classification 
system incorporates three categories of renal ultrasound 
findings. These include the degree of UT dilation, parenchy- 
mal quality, and associated anomalies. The classification sys- 
tem is divided into UTD-A (antenatal) and UTD-P (postnatal) 
(Table 21.1 and Fig. 21.1). 
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Table 21.1 SFU/UTD grading of hydronephrosis/urinary tract 
dilation 


SFU UTD 

grade grade 

0 No calyx or pelvic dilation 

1 Pl Pelvic dilation only 

2 Pl Mild calyx dilation 

3 E2 Severe calyx dilation 

4 ES Calyx dilation accompanied by renal 


parenchymal atrophy 


Fig. 21.1 Ultrasound image of a right kidney with hydronephrosis, 
dilated pelvis, and calyces consistent with grade 3 SFU, grade UTD P2 
hydronephrosis 


Imaging Modalities: Identification 
and Delineation of Renal Pathology 


Different imaging modalities can be utilized in renal imag- 
ing. Each type of imaging is specific in the identification and 
delineation of different renal pathologies. This section will 
delve into the different modalities used in renal imaging and 
specifically when they should be utilized. 
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Ultrasound (US): Standard, Contrast 
Enhanced 


US is a safe and readily available modality at a low cost; 
however, its use can be limited by body habitus, as the sound 
waves are highly attenuated by the excess body tissue. US 
has no ionizing radiation but can be somewhat subjective and 
user dependent. US has been proven to be versatile and 
accessible and can be used for guidance in cases of renal 
intervention, renal calculi evaluation, and a first-line diag- 
nostic approach to renal pathology [4]. 3—7-MHz transducers 
are used to evaluate the kidneys and surrounding structures 
such as the inferior vena cava (IVC) and renal veins with the 
capability of Doppler function (Fig. 21.2). US can also help 
identify renal masses or cysts and can be used to follow these 
lesions over time. While not as good as CT or MRI, US can 
be helpful in assessing the IVC for tumor thrombus and eval- 
uating the extent of the thrombus intraoperatively. 

Contrast-enhanced ultrasound (CEUS) is a modality 
recently approved by the Food and Drug Administration for 
use in the United States but has been in broad use in Europe 
and elsewhere for many years. It provides blood flow and 
tissue perfusion information based on a microbubble con- 
trast agent and contrast-specific imaging software. After the 
microbubbles are administered intravenously, the contrast 
moves into the arterial circulation after some time, and as the 
contrast reaches the renal vasculature, the kidney is imaged 
by US. The contrast agent remains in the vascular system 
and is not excreted into the renal collecting system; therefore, 
there is no nephrotoxicity and can be administered in patients 
with renal insufficiency [5]. Ultimately, the microbubbles are 
cleared from the circulation by the lungs and liver. 

CEUS in combination with conventional US is a reliable 
diagnostic tool in differentiating solid tumors and complicated 
cysts of the kidney and in the classification of cystic lesions as 
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benign or malignant [6, 7]. Solid renal tumors generally show 
an early intense arterial enhancement equal or greater than that 
of the surrounding renal parenchyma. Intralesional areas with- 
out contrast enhancement suggest the presence of necrosis [8]. 
CEUS use has also been described to be as effective as CT and 
MRI for the follow-up of small renal masses after cryoablation 
or HIFU [9]. While CEUS is being used in other countries for 
the evaluation of liver and kidney lesions, it is only approved 
in the United States by the FDA for use in cardiac imaging and 
is therefore off-label use for renal imaging. 


Computerized Tomography (CT) 


Computerized tomography (CT) has developed into a main- 
stay for renal cross-sectional imaging. Depending on the 
pathology being investigated, four distinct phases of renal 
enhancement can be imaged depending on acquisition time. 
The timing of these phases varies with the speed of intrave- 
nous contrast injection [10-12]: 


1. Arterial phase: This is a short phase, which occurs at 
about 15-25 seconds after the initiation of intravenous 
contrast injection; there is maximum opacification of the 
renal arteries during this phase. Arterial enhancement is 
common in renal cell carcinoma and may be an important 
indicator feature. The renal veins may also opacify in the 
late arterial phase. 

2. Corticomedullary phase: This phase starts at about 25-70 
seconds after the initiation of intravenous contrast injec- 
tion. There is intense enhancement of the renal cortex due 
to preferential arterial flow to the cortex and glomerular 
filtration of the contrast material, while the medulla 
remains relatively less enhanced. This phase provides 
information about the vascularity of solid renal masses 


Fig. 21.2 Renal ultrasound (a) with Doppler function (b) for evaluation of a left 3.7-cm renal mass 
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and is also the best phase for maximum opacification of 
the renal veins. 

3. Nephrographic phase: This phase begins at 80-120 sec- 
onds and the contrast filters through the glomeruli into the 
collecting ducts and provides homogeneous enhancement 
of the normal renal parenchyma. This is the best phase for 
the detection of subtle parenchymal lesions. 

4. Excretory phase: This starts at 180 seconds, and at this point 
the contrast excretion allows opacification of the calyces, 
renal pelvis, and ureters, while the intensity of the nephro- 
gram progressively declines. For a complete excretory 
phase, images at 240 seconds should be acquired to ensure 
opacification of the ureter. Filling defects can be seen in this 
phase (clot, tumor, stone, or papillary sloughing). 


Specifically when evaluating a renal mass, a minimum of 
two acquisition phases are required for detection and charac- 
terization of renal lesions. An initial series of unenhanced 
scans provides a baseline to measure the enhancement within 
the lesion after the administration of intravenous contrast 
and a corticomedullary or nephrographic phase [11, 13]. 
When a renal mass is identified, it is crucial to characterize 
and differentiate clinically insignificant renal cysts from 
solid and potentially malignant renal tumors. Renal cysts are 
fluid-filled, avascular lesions that lack blood flow; they dem- 
onstrate no enhancement after the administration of intrave- 
nous contrast. RCC on the other hand has a rich vascular 
supply and enhances significantly with contrast 
administration. Therefore, accurate measurement of the 
degree of enhancement in renal masses is critical to distin- 
guish complex cysts from solid and potentially malignant 
lesions. To determine lesion enhancement, attenuation val- 
ues within the mass before and after intravenous contrast 
should be measured. This area is defined as the region of 
interest (ROI). The physician interpreting the study should 
measure the same ROI on two different phases (noncontrast 
and contrast phases). Enhancement values of more than 20 
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HU above pre-contrast measurements are considered signifi- 
cant and are often associated with malignancy [14]. CT 
enhancement has been reported to correlate with microvessel 
density in RCC which is associated with hypervascularity of 
the tumor [15, 16] (Fig. i 


Magnetic Resonance Imaging (MRI) 


Magnetic resonance imaging (MRI) is another diagnostic 
tool for the characterization and presurgical staging of renal 
masses. MRI can be particularly helpful when renal lesions 
are detected but are not well characterized. MRI’s advantage 
over US and CT is that MRI generates the highest intrinsic 
soft tissue contrast of any cross-sectional imaging modality 


(Fig. 21.4) [ 


]. A protocol for effective MRI of the kidney 


Fig. 21.4 (a) Axial MRI cuts showing a filling defect in the IVC from a tumor thrombus (arrow). (b) Coronal MRI cuts showing tumor thrombus 
extending from the right renal vein into the IVC (arrow) 
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maximizes the soft tissue contrast, exploits the sensitivity of 
MRI to contrast material enhancement, and makes full use 
of the multiplanar capability of this modality. The routine 
presurgical assessment of renal masses should include eval- 
uation of the renal arterial supply and venous drainage for 
intraoperative technical purposes. Correlating the anatomic 
findings and MRI signal intensity characteristics with the 
clinical features allows for optimal diagnosis and staging. 
Different forms of MRI imaging can also be used in the 
diagnostic workup of renal pathology. These include 
diffusion-weighted imaging (DWI) with apparent diffusion 
coefficient (ADC). DWI measures the Brownian motion of 
water molecules within the tissue of study, and ADC mea- 
sures the magnitude of diffusion [18]. They are a reflection 
of how tightly packed the cells are. DWI is currently utilized 
for different oncologic diagnostic purposes and has poten- 
tial in the ability to characterize renal lesions. Because DWI 
does not rely on intravenous contrast, it can be used in 
patients with renal failure who are at risk for nephrogenic 
systemic fibrosis or nephrotoxicity. In correlation with DWI, 
ADC values can be used to differentiate normal renal paren- 
chyma as their ADC value is significantly higher compared 
to that of tissue with renal neoplasm. Several studies have 
also shown that malignant renal tumors have significantly 
lower ADC values in contrast to benign tumors [8, 19]. The 
ADC of a renal lesion can be potentially used as an addi- 
tional parameter to help determine the appropriate clinical 
management. 

Both CT and MRI also have the advantage of identifying 
metastatic renal disease (Fig. 21.5) and to differentiate tumor 
thrombus from bland thrombus. Tumor thrombus is vascular 
unlike bland thrombus. 


> 


Fig. 21.5 CT scan with IV contrast showing a patient with right renal 
mass with retroperitoneal lymphadenopathy (arrow) and infiltration of 
Gerota’s fascia (arrow) 
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Molecular Imaging: Positron Emission 
Tomography (PET) 


Fluorine-18-2-Fluoro-2-Deoxy-D-Glucose (18 
F-FDG) 


Fluorine-18-2-fluoro-2-deoxy-D-glucose (18 F-FDG) 
positron emission tomography (PET) is a molecular imag- 
ing modality that is widely utilized in the evaluation of 
patients with various types of cancer. Because cancer cell 
membranes have increased glucose transfer and glycolytic 
rates compared to normal surrounding tissue, they have 
increased uptake of FDG. Tumor cells also exhibit high glu- 
cose transporter protein content and have higher levels of 
hexokinase and phosphofructokinase, thus promoting gly- 
colysis [20]. The clinical role of F-18 FDG PET in renal 
malignancy continues to be studied. This is partly due to 
the physiological excretion of FDG by the kidneys, which 
can make confound visualization of the renal structures and 
tumors against the high background of FDG. Nakhoda et al. 
assessed the diagnostic performance of 18 F-FDG PET/CT 
in 19 patients with 25 known solid malignant renal masses 
and found an overall sensitivity of 88% for detection of 
solid renal malignancies with sensitivities of 83%, 100%, 
and 100% for RCC, secondary renal lymphomas, and renal 
metastases, respectively. 18 F-FDG PET/CT demonstrated 
some differences in metabolic activity based on renal tumor 
histopathological type and RCC subtype [21]. More recent 
studies have shown a varying degree of sensitivity of dif- 
ferentiating RCC from benign tissue in FDG PET imaging 
such as 68% sensitivity in a study by Takahashi et al. [22]. 
Oziilker et al. found a significant correlation between size 
and FDG uptakes of tumors. Fuhrman grades of tumors 
were also closely related with FDG avidity because the 
grades of FDG-positive tumors were significantly higher 
than the grades of FDG-negative tumors [23]. In this study, 
overall sensitivity, specificity, and accuracy of F-18 FDG 
PET/CT for RCC were 46.6, 66.6, and 50%, respectively 
[20]. Oziilker et al. concluded that while PET may have a 
limited role in the characterization of primary renal tumors, 
it is effective in the detection of distant metastases and can 
be used as a complementary tool in case the conventional 
imaging studies yield equivocal results [20]. 


1241-cG250 


1] .cG250, a PET radiotracer, is a chimeric girentuximab 
labeled with 124I, under clinical investigation to distinguish 
RCC from other benign and malignant renal masses. G250 is a 
monoclonal antibody that targets an epitope of carbonic anhy- 
drase IX and has been shown in animal and human studies to 
bind to clear cell renal cell carcinoma [24]. Carboxyl anhy- 
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drase IX (CAIX) protein is a transmembrane enzyme involved 
in cellular pH regulation and plays a role in the regulation of 
cell proliferation in response to hypoxic conditions in many 
tumors. In clear cell RCC, however, the underlying mechanism 
for expression of CAIX is different from that of other cancers. 
In clear cell RCC, hypoxia-inducible factor and CAIX are 
products of absence or nonfunctionality of the tumor-suppres- 
sor protein, von Hippel-Lindau, and resulting pseudohypoxia 
[24]. Therefore, given its high expression in clear cell RCC, 
CAIX has been investigated as an imaging target in renal 
malignancy [25, 26]. In a prospective PET-imaging trial with 
124] -cG250, 94% sensitivity, and 100% specificity of '“I-cG250 
antibody, PET in renal masses was found and suggested as an 
alternative to biopsy for characterizing lesions [27]. In this 
study, 26 patients were given a preparation of !*I-cG250, and 
all patients tolerated the !“I-cG250 antibody infusion without 
side effects. The results of the study showed that of the 16 
patients with a pathological diagnosis of clear cell RCC who 
received immunologically active antibody, 15 were identified 
correctly with PET, resulting in a sensitivity of 94%. All nine 
patients who did not have clear cell RCC were identified cor- 
rectly by PET, resulting in a specificity of 100%. Positive pre- 
dictive value for predicting clear cell RCC was 100%, and 
negative predictive for ruling out clear cell RCC was 90% 
(55—100%) [27], but the numbers were small. 


Renal Pathology 


The next portion of this chapter will focus on imaging 
modalities used to evaluate cystic and solid renal masses. As 
previously discussed above, different imaging modalities are 
available for the evaluation of renal lesions. The goal of renal 
mass characterization by US, CT, or MRI is to separate sur- 
gical lesions (RCC, cystic renal cell carcinoma, oncocytoma) 
from nonsurgical lesions (cyst, hemorrhagic cyst, angiomyo- 
lipoma (AML)). 


Renal Cysts 


In general, renal masses are divided into cystic and solid 
lesions. Renal cysts are among the most commonly inciden- 
tally detected renal lesions on cross-sectional imaging [28]. 
While the majority of renal cysts are isodense to water with 
an attenuation values of <20 HU, some renal cysts do not 
fulfill the established diagnostic criteria and can be difficult 
to define. Ultrasound is the classic modality for solid vs cys- 
tic differentiation. Therefore, simple cysts are best defined 
using sonographic criteria. These include (1) absence of 
internal echoes, (2) posterior enhancement (“increased 
through-transmission”’), (3) round/oval shape, and (4) sharp, 
thin posterior walls. Since its publication in 1986, the 
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Table 21.2 Bosniak classification of renal cysts 


Category I: Malignant risk less than 1%; no follow-up required 
Uncomplicated, simple benign cyst 
Anechoic, posterior enhancement (through-transmission), round or 
oval shape, thin, smooth wall 
Homogeneous water content, sharp delineation with the renal 
parenchyma, no calcification, enhancement, or wall thickening 
Category II: Malignant risk less than 3%; no follow-up required 
Fine calcifications within the septum or wall 
Hyperdense cysts (>20 Hounsfield units) 
Category IIF: Malignant risk 5—10%; follow-up recommended 
Multiple thin septum 
Septa thicker than hairline or slightly thick wall 
Calcification, which may be thick 
Intrarenal, >3 cm 
No contrast enhancement 
Category III: Malignant risk 40-60%; surgical excision 
recommended 
Uniform wall thickening/nodularity 
Thick/irregular calcification 
Thick septa 
Enhances with contrast 
Category IV: Malignant risk greater than 80%; surgical excision 
recommended 
Large cystic components 
Irregular margins/prominent nodules 
Solid-enhancing elements, independent of septa 


= 


Fig. 21.6 CT scan with finding of a 1.3-cm right simple renal cyst, 
Bosniak I 


Bosniak classification of renal cysts has been widely used to 
classify these lesions and to differentiate cystic lesions that 
can be safely followed from those requiring surgical resec- 
tion (Table 21.2; Figs. 21.6 and 21.7) [16]. The original 
Bosniak classification was modified to include an IIF inter- 
mediate group to help differentiate between type II and II 
cysts [29]. Although US and MRI are frequently used in the 
evaluation of solid or mixed renal masses, CT with and with- 
out contrast enhancement remains the primary diagnostic 
technique [30]. For the initial evaluation of complex cystic 
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Fig. 21.7 Renal US of a patient showing a renal cyst with one septation 


renal lesions, contrast enhancement should be used; there- 
fore, US may not be a first-line diagnostic study [31]. While 
CT can be used for initial assessment of renal cysts, previous 
studies have shown that MRI features correlate well with his- 
topathologic and CT findings and therefore MRI continues 
to be an appropriate modality for cyst classification [31]. 
MRI may also be used in equivocal cases to identify very 
thin septa or demonstrate enhancement not otherwise seen 
on CT imaging and is incorporated in the recommended 
updates to the Bosniak classification system [32]. With the 
administration of gadolinium contrast in MRI, the presence 
of enhancement within a lesion can distinguish between 
solid and cystic components. The comparison of pre-contrast 
and post-contrast T1-weighted images is the pertinent to the 
detection and characterization of renal lesions. Pre-contrast 
Tl-weighted images are helpful in the characterization of 
certain aspects of cystic and solid lesions. Simple cysts are 
generally hypointense relative to the normal renal paren- 
chyma on Tl-weighted images. If there is presence of 
increased signal intensity within cysts, this may indicate the 
presence of hemorrhage or proteinaceous fluid. Similarly, 
hemorrhagic solid renal masses may display areas of 
increased signal intensity on Tl-weighted images. Simple 
cysts are markedly T2 hyperintense, have a thin or impercep- 
tible wall, display no internal architecture, and do not 
enhance. For cysts requiring repeated follow-up, US and 
MRI are often used in order to minimize radiation with CT. 


Standardized Scoring Systems of Renal 
Masses 


Three scoring systems have been developed for standardiz- 
ing the characteristics of renal tumors. The centrality index 
(C-index), preoperative aspects and dimensions used for ana- 


tomic (PADUA) classification, and the nephrometry score 
(RENAL) have been found to be reliable among observers 
[33]. Below, we will discuss the most commonly used scor- 
ing system, the RENAL nephrometry score. 


Nephrometry 


The RENAL nephrometry score is the most commonly 
used scoring system of renal tumors. It is an image-based 
standardized reporting system of renal tumor size, loca- 
tion, and depth. For the most accurate use of the scoring 
system, renal masses must be evaluated by CT or MRI 
imaging. The RENAL nephrometry score consists of (R) 
adius (tumor size as maximal diameter), (E)xophytic/ 
endophytic properties of the tumor, (N)earness of tumor 
deepest portion to the collecting system or sinus, (A)nte- 
rior (a)/posterior (p) descriptor, and the (L)ocation relative 
to the polar line. The suffix h (hilar) is assigned to tumors 
that abut the main renal artery or vein. Each category is 
allocated a number between | and 3. In the initial study, 
the nephrometry scoring system was shown to accurately 
classify the complexity of 50 consecutive tumors [33]. The 
scoring system has also been shown in multiple studies to 
have good interobserver reliability [34-36]. The nephrom- 
etry score is best used when planning for partial nephrec- 
tomy and assessing the complexity of a renal mass. Reddy 
et al. evaluated the nephrometry scoring system as a pre- 
dictor of complications after partial nephrectomy and 
found that an increase in the nephrometry score of one 
point resulted in greater odds of being in a higher Clavien- 
Dindo classification after controlling for RENAL suffix 
and type of surgical procedure. Furthermore, a patient with 
the RENAL suffix (p) has increased odds of developing 
more serious complications (Fig. 21.8) [37]. 
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Fig. 21.8 CT scan shows a left heterogeneous renal mass in the upper 
pole that crosses the polar lines marked with black lines. Less than 50% 
of the mass is exophytic and is within 2.3 mm from the collecting sys- 
tem. The diameter of the mass is 4.4 mm. The calculated RENAL neph- 
rometry score was R.2 + E.2 + N.3 + A.P + L.2 = 9p 


Malignant Lesions: Renal Cell Carcinoma, 
Urothelial Carcinoma, Lymphoma, 
and Metastatic Disease 


Histologic Subtypes of Renal Tumors 


Once a renal mass is either incidentally found or followed, 
different studies can be performed to help predict the histo- 
logic subtype of the mass. Previous studies have shown that 
the comparison of tumor attenuation and normal renal cortex 
in multiphase CT scans can identify differences in attenuation 
ratios between clear cell and papillary RCC [38]. Papillary 
RCC generally appears as a less enhancing lesion compared 
with the normal renal cortex, and clear cell RCC appears as 
more hyperdense than papillary in these two phases. More 
recently, with the use of multiparametric MRI, renal lesions 
can be better identified based on attenuation and specific 
inherent characteristics of each histologic subtype [39]. 

In a study by Pierorazio et al., multiphasic CT scan was 
used to evaluate and predict the histology of small renal 
masses (SRMs) less than 4 cm [40]. Within multiphasic CT, 
three distinct patterns of attenuation were evaluated. The first 
pattern had low levels of peak enhancement and little fluc- 
tuation in attenuation between the corticomedullary and 
delayed phases. Therefore, it was derived that papillary RCC 
had the most distinct pattern by demonstrating low levels of 
absolute enhancement in the corticomedullary (<30 HU) and 
nephrographic (<40 HU) phases. This pattern does not 
exclude other tumor histology. Finally, tumors demonstrat- 
ing a low, flat enhancement pattern have a > 70% likelihood 
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of being papillary RCC [40]. The second pattern had a rapid, 
high attenuation enhancement with a quick washout in the 
delayed phase, which was found to be correlated with clear 
cell RCC or oncocytoma. In a study of SRMs, Jinzaki et al. 
demonstrated that clear cell RCC and oncocytoma showed a 
peak enhancement >100 HU, whereas other tumors enhanced 
to <100 HU [15]. A small renal mass (SRM) that demon- 
strates a high, early (arterial) enhancement pattern has a 
higher likelihood of being clear cell RCC. More than 70% of 
tumors that retained actual enhancement of >80 HU were 
clear cell RCC [41]. The third pattern encompasses a cross- 
over between benign and malignant histology with an inter- 
mediate pattern of enhancement. 

In addition to a multiphasic CT, other imaging modalities 
continue to be evaluated and utilized as diagnostic predictors 
of malignancy or specific histologic subtypes such as MRI or 
PET/CT (see MRI and PET sections above). 

An additional tool to aid with diagnosis of renal mass his- 
tology is the washout formula introduced by Kopp et al. in 
2013 [42]. An absolute enhancement washout value is calcu- 
lated by the formula: (mass nephrographic HU — mass 
delayed HU)/(mass nephrographic HU — mass noncontrast 
HU). Enhancement washout value <0 on CT imaging is 
highly specific for papillary RCC and non-clear cell 
RCC. Clear cell RCC is essentially excluded if the renal 
mass enhanced on all post-contrast phases. Washout value 
>0 is highly sensitive for clear cell RCC, oncocytoma, or 
AML [42]. 

The following sections will specifically address the sub- 
types of RCC by discussing the most sensitive diagnostic 
studies inherent to each disease. 


Clear Cell RCC 


Clear cell RCC is the most common subtype of RCC and can 
be differentiated from other renal masses based on enhance- 
ment patterns seen on imaging [43]. Compared to non-clear 
cell RCC, clear cell RCC shows stronger enhancement on 
imaging (Fig. 21.9). This is due to a rich vascular network 
and alveolar architecture as evidenced by histological 
examination. On MRI, the appearance of clear cell RCC var- 
ies depending on the presence of hemorrhage and necrosis 
[44, 45]. Clear cell RCC most frequently demonstrates a sig- 
nal intensity similar to that of the renal parenchyma on 
Tl-weighted images and increased signal intensity on 
T2-weighted images. Central necrosis is common and is typ- 
ically seen as a homogeneous hypointense area in the center 
of the mass on Tl-weighted images and moderate to high 
signal intensity on T2-weighted images. In the presence of 
central necrosis, a solid rim of tumor is frequently seen at the 
periphery of the mass. Post-contrast images demonstrate 
lack of enhancement in areas of necrosis and marked 
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enhancement in the viable components of the tumor. 
Hemorrhage into the tumor may occur and has a variable 
appearance depending on the stage of degradation of the 
component blood products. Subacute to chronic hemorrhage 
generally demonstrates high signal intensity on both T1- and 
T2-weighted images. Long-standing hemorrhage, which 
predominantly contains hemosiderin, typically has hypoin- 
tense components on both T1- and T2-weighted images. 
Clear cell RCC also tends to be hypervascular, with hetero- 
geneous enhancement during the arterial phase. Renal vein 
tumor thrombus can be seen with aggressive higher-stage 


Fig. 21 CT scan with coronal cuts of a patient with pathologically 
proven clear cell RCC. (a) Noncontrast images, (b) nephrographic 
phase images. During the nephrographic phase, the left renal mass 
enhances up to 142 HU (by an additional 118 HU from noncontrast 
images) suspicious for clear cell RCC 


Fig.21.10 Axial images of a patient with pathologically proven papil- 
lary RCC. (a) Noncontrasted image showing a mass in the right kidney 
measuring 54 HU. (b) Contrasted CT demonstrating enhancing renal 
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tumors, and enhancement may differentiate tumor thrombus 
from bland “clot-only” thrombus. A tumor capsule of low 
signal intensity on T1- and T2-weighted images may be 
observed, and its interruption is associated with locally 
advanced disease and higher nuclear grade [46]. 


Papillary RCC 


On diagnostic imaging, papillary RCC demonstrates a homo- 
geneous low signal intensity on T2-weighted images and 
homogeneous low-level enhancement after intravenous con- 
trast material administration (Fig. ). Necrosis and hem- 
orrhage may be present in low-grade papillary type I tumors. 
Cytoplasmic or interstitial histiocytic hemosiderin deposi- 
tion differentiates papillary RCC from clear cell RCC, which 
typically exhibits heterogeneously increased signal intensity 
on T2-weighted images [47]. The overall sensitivity and 
specificity of MRI to predict the histologic subtype using a 
feature analysis are ~80% and 94%, respectively [46, 47]. 
Enhancing papillary projections at the periphery of a cystic 
hemorrhagic mass are common and can be better depicted on 
subtraction images. Mileto et al. evaluated iodine quantifica- 
tion with a dual-energy multidetector CT to distinguish 
between clear cell and papillary RCC subtypes and found 
iodine quantification can be used to noninvasively discrimi- 
nate between clear cell and papillary RCC subtypes at a sin- 
gle time point. Their data suggest that an iodine concentration 
threshold of 0.9 mg/mL optimizes the discrimination 
between clear cell and papillary RCC subtypes during the 
nephrographic phase of renal enhancement with an overall 
accuracy of 95% [48]. 
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mass 85 HU (by only additional 30 HU), quite typical for papillary 
RCC (see Fig. , demonstrating higher level of enhancement after 
IV contrast administration) 
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Identifying chromophobe RCC from other subtypes is chal- 
lenging. Chromophobe RCC tends to have a greater propen- 
sity for homogeneity and the presence of a central scar or 
necrosis [49]. However, central necrosis may be absent even 
in very large chromophobe tumors. Chromophobe RCC’s 
enhancement patterns characteristically fall in between that 
of clear cell and papillary RCC, but there is considerable 
overlap. Although the imaging features of chromophobe 
RCC can be identical to those of clear cell RCC, it is well 
established that the chromophobe subtype tends to have a 
better prognosis [50]. 


Angiomyolipoma 


Angiomyolipomas (AMLs) were previously thought to be 
hamartomas but are now labeled as neoplasms by the 
International Agency for Research on Cancer and the World 
Health Organization [51]. AMLs contain varying propor- 
tions of fat, smooth muscle, and thick-walled blood vessels. 
AMLs can be symptomatic, and patients may present with 
any of the following: pain, gross hematuria, anemia, massive 
bleeding and hypotension, and/or hypertension. When an 
AML is greater than 4 cm, it may carry an increased risk for 
potentially life-threatening hemorrhage, which has been 
eported in up to 10% of patients [52]. A reliable diagnosis of 
AML can be made when fat is unequivocally demonstrated 
in a renal mass on imaging. AMLs with a predominant fatty 
component are isointense relative to fat within all MRI 
sequences, and they are hyperintense compared to renal 
parenchyma on Tl-weighted images. In fat-predominant 
AMLs, a characteristic India ink artifact is seen at the inter- 
face between the mass and the normal renal parenchyma on 
opposed-phase Tl-weighted images, whereas the central 
portions of the lesion do not demonstrate changes in signal 
intensity compared with the in-phase images [52]. The 
appearance of AML on T2-weighted images is variable and 
depends on the amount of bulk fat present in the lesion. 
Lipid-poor AMLs frequently demonstrate homogeneous low 
signal intensity relative to the renal parenchyma on 
T2-weighted images. Contrast-enhanced MRI does not help 
differentiate AML from other solid neoplasms as they can 
show different degrees of enhancement depending on the 
amount of vascularized tissue components they contain. 
When visualized on CT, the fatty portions of AML will mea- 
sure —30 HU or less. If a very small amount of fat is sus- 
pected in a renal mass, it may be necessary to perform very 
thin sections without intravenous contrast to maximize the 
ability to depict fat within the lesion. If a renal mass contains 
calcification in addition to fat, the possibility of renal cell 
carcinoma should not be ruled out. A clear diagnosis of AML 
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cannot be made if calcium is present within a fat-containing 
lesion, and biopsy or surgery should be considered in these 
cases [53]. Imaging of AML is key, since fat content, angio- 
content, and pseudoaneurysm size and number may influ- 
ence risk for spontaneous or trauma-induced bleeding as 
well as shrinkage rate in the year or two post-embolization. 


Oncocytoma 


Oncocytomas are typically spherical and well-defined 
masses with nonspecific appearances on MRI. Relative to the 
renal cortex, they have lower signal intensity on T1-weighted 
images and higher signal intensity on T2-weighted images. 
One hallmark feature of oncocytoma is the presence of a cen- 
tral scar [54]. The central scar, if present, can be seen as a 
stellate or “spokewheel” area of low signal intensity on 
Tl-weighted MRI, high signal intensity on T2-weighted 
MRI, or on conventional CT. In a study attempting to distin- 
guish oncocytoma from subtypes of RCC using CT, Bird 
et al. found a percentage enhancement of 500% in the corti- 
comedullary phase and a washout value of >50% to be pre- 
dictive of oncocytoma [41]. 


Renal Pathology, Other Than RCC 
Urothelial Carcinoma 


Solid masses of the kidney can be present in the renal paren- 
chyma or collecting system. When the renal collecting sys- 
tem is involved, urothelial carcinoma (UC) should be 
considered. Imaging with a delayed excretory phase is nec- 
essary for evaluation of the collecting system and ruling out 
any filling defects. On unenhanced studies, the intraluminal 
portion of a lesion often shows increased attenuation with 
respect to surrounding urine. UC does not typically deform 
the renal contour. In rare cases, invasion of sinus structures 
with infiltration of the sinus fat or collecting system elements 
may be subtle indicators of a UC presence on unenhanced 
images. After contrast administration, the mass typically 
enhances, although to a lesser degree than normal renal 
parenchyma and to a lesser degree than conventional 
RCC. CT urography which includes excretory-phase imag- 
ing improves visualization of collecting system abnormali- 
ties, and these lesions sometimes are seen as sessile filling 
defects. Therefore, contrast-enhanced CT and MRI are the 
most widely used imaging modalities for radiological evalu- 
ation of the upper urinary tract. Patients precluded from 
receiving intravenous contrast agents may particularly ben- 
efit from MR urography; however, MR contrast has had rare 
associated toxicities as well, in specific patients, and more 
commonly with specific agents. UC occurs mainly in the 
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bladder but can also develop in the upper urinary tract and 
accounts for 5—10% of urothelial carcinomas [55]. The most 
common sites of upper tract disease are in the renal pelvis, 
the infundibular, and calyceal regions. 

While CT urogram is the most common modality used for 
upper tract UC, diffusion-weighted MRI (DW-MRI) has also 
gained popularity. Growing evidence has emerged showing 
that DW-MRI can serve as an imaging biomarker for charac- 
terizing the pathophysiology of cancer [56]. The imaging 
signal confers information about the biophysical properties 
of tissues, such as cell organization and cell packing density. 
Sasamori et al. found that the mean ADC of infiltrating UC 
was significantly lower than that of clear cell RCC, possibly 
reflecting the high cellularity of UC [18, 57]. The potential of 
DW-MRI as an imaging biomarker is continuously emerg- 
ing, and further studies are essential to validate and standard- 
ize this modality [47, 56]. UC is typically isointense relative 
to the renal medulla on Tl-weighted images, making the 
detection of small tumors in the collecting system virtually 
impossible. Larger infiltrative tumors may obliterate the fat 
in the renal sinus, which may be appreciated on T1-weighted 
images without the use of fat-saturation techniques. 
Enhancement of a focal filling defect in the collecting system 
is strongly suggestive of a UC. Differentiation between 
blood clots and enhancing filling defects is best accom- 
plished by reviewing subtracted data sets. 


Metastases to the Kidney 


Renal metastases to the kidneys may be multiple and bilat- 
eral and frequently are associated with metastases to other 
organs, such as occurs with melanoma or breast cancer, or 
lung cancer growing from an adrenal metastasis. Although 
they have nonspecific CT and MRI features, renal metasta- 
ses commonly demonstrate infiltrative growth patterns rather 
than circumscribed distinct lesions. When a clinical history 
is available, the diagnosis of renal metastases may be obvi- 
ous. In a patient with a history of malignancy without other 
metastases and a solitary renal mass, the renal mass is much 
more likely to represent a RCC and not a metastatic deposit. 
Nevertheless, it is possible that a single renal metastasis could 
occur, and differentiation from a RCC may not be obvious. In 
this situation, a renal biopsy may be diagnostic [53, 58]. 


Lymphoma 


The kidney is one of the abdominal organs in which extra- 
nodal lymphoma can be found. Similar to the finding of 
metastatic disease to the kidney, renal lymphoma is gener- 
ally clinically silent. Lymphoma may involve the kidneys 
via hematogenous spread, in which a single mass or multi- 
ple bilateral masses are present, or by direct extension of 
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retroperitoneal lymphoma. Diffuse lymphomatous infiltra- 
tion producing smooth generalized renal enlargement occurs 
in approximately 20% of patients, and it is almost always 
bilateral. When a kidney is diffusely infiltrated by lym- 
phoma, it enlarges but maintains its reniform shape [53]. On 
CT imaging with contrast administration, renal lymphoma 
is seen as a soft tissue attenuation mass that enhances homo- 
geneously but less intensely than normal renal parenchyma. 
Nephrographic phase CT imaging is essential, since lym- 
phomatous deposits in the kidney may be small and medul- 
lary in location, making them inconspicuous on 
corticomedullary phase images. On MRI, relative to the 
renal cortex, lymphomatous masses are isointense or slightly 
hypointense on Tl-weighted MRI and hypointense on 
T2-weighted images. Minimal heterogeneous enhancement 
is seen on early and delayed gadolinium-enhanced MRI in 
most patients. In addition, patients with renal lymphoma 
nearly always have evidence of disease elsewhere. If imag- 
ing findings are typical, then differentiation from RCC may 
require a biopsy to confirm the diagnosis of lymphoma. In 
this situation, systemic therapy for lymphoma can be insti- 
tuted, with the anticipation that the renal disease will 
respond in the same manner as the systemic disease. On rare 
occasions, renal lymphoma occurs as a solitary mass or 
exhibits unusual imaging characteristics, making differenti- 
ation from RCC difficult. In these circumstances, image- 
guided biopsy is also diagnostic [58]. 


Nephrolithiasis 


Nephrolithiasis is a common cause of obstruction and pathol- 
ogy of the kidney. Imaging has an essential role in the diag- 
nosis, management, and follow-up of patients with stone 
disease. A variety of imaging modalities are available for 
evaluation of renal calculi including conventional radiogra- 
phy such as X-ray of the kidney, ureters, and bladder (KUB), 
US, MR urography, and CT scans. Each of these imaging 
modalities has its advantages and limitations in the diagnosis 
and management of calculi. In the past, intravenous uro- 
grams (IVU) were used but have been phased out with the 
increasing use of CT. In certain scenarios, especially in 
patients with poor renal function, cystoscopy with retrograde 
pyelogram can be used for the identification of stone location 
or collecting system anatomy. 

The most common kidney stones in the United States are 
calcium based [59]. Other stone compositions include uric 
acid, magnesium ammonium phosphate, cystine, and indina- 
vir stones. KUB can be used to identify large calcium-based 
stones; however, uric acid stones are missed, as the majority 
are radiolucent on KUB. Detection of stones by KUB may 
also be hindered by overlying bowel gas, patient body habi- 
tus, and extrarenal calcifications such as phleboliths, and is 
most useful in patients with a history of known stone disease 
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[60]. The advantages of a KUB include its wide availability 
and relatively low cost. Renal US, the preferred imaging 
modality in pregnancy, may be used in the evaluation of 
nephrolithiasis including uric acid stones [61]. Advantages 
of US include its noninvasiveness, lack of ionizing radiation 
and intravenous contrast, wide availability, and relatively 
low cost. Limitations include poor sensitivity for ureteral 
stones and stones smaller than 3 mm [62]. In addition, US is 
highly nonspecific and may be unable to differentiate 
between ureteral obstruction secondary to calculi and physi- 
ologic hydronephrosis of pregnancy [63]. In these situations, 
further imaging with unenhanced CT, the gold standard for 
diagnosis of urinary calculi, may be required. CT provides 
more information on the location of stones and nearby anat- 
omy and may aid in determining composition by measuring 
stone density using Hounsfield unit (HU) measurements. 
Significant difference is seen in HU between pure uric acid 
stones and other stone types. 

MRI is sometimes used in the evaluation of nephrolithia- 
sis especially in pregnant women; however, it has a limited 
use in nephrolithiasis due to expense, availability, and time. 
In addition, distinguishing stones from tumors or blood clot 
can be difficult because these entities all appear as a signal 
void [62]. While MRI is relatively insensitive for the direct 
detection of urinary calculi, it has the ability to detect the 
secondary effects of obstructive urolithiasis. Using rapid, 
single-shot abdominopelvic T2-weighted sequences with 
and without fat saturation provides an examination that can 
detect the sequelae of clinically active stone disease, in addi- 
tion to alternate inflammatory processes that may mimic the 
symptoms of renal colic [64]. 


Renal Obstruction 


Other causes of obstruction include ureteropelvic junction 
(UPJ) obstruction which can be congenital and acquired 
due to a crossing vessel (Fig. 21.11), stricture, trauma, etc. 
These conditions are commonly evaluated with CT and 
MRI. CT angiography may be used to evaluate UPJ obstruc- 
tion due to a crossing vessel and can be used in surgical 
planning. Krepkin et al. evaluated the use of MR renogra- 
phy (MRR) and concluded that in patients with UPJ 
obstruction, MRR can measure split renal function, esti- 
mate the glomerular filtration rate with moderate correla- 
tion, and accurately discriminate mechanical from 
functional obstruction [65]. 


Follow-Up Imaging for Renal Pathology 
The American Urological Association and NCCN have set 


forth guidelines including imaging for follow-up of renal 
pathology and specifically neoplasms. Patients should 
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Fig. 21.11 CT angiogram showing right hydronephrosis caused by a 
crossing vessel at the ureteropelvic junction. The artery can be seen 
branching off the aorta and supplying the lower pole of the right kidney 
(arrow) 


undergo a baseline abdominal scan (CT or MRI) for 
nephron-sparing surgery and abdominal imaging (US, CT, 
or MRI) within 3-12 months following renal surgery. In 
low-risk (pT1, NO, Nx) disease, following a noncompli- 
cated radical nephrectomy, imaging with US, CT, or MRI 
is optional and at the discretion of the urologist, if the ini- 
tial postoperative baseline imaging is negative. Following 
a partial nephrectomy, US, CT, or MRI may be performed 
yearly for 3 years, if the initial postoperative scan is nega- 
tive, but adjustable according to clinical factors of course. 
In moderate- to high-risk patient (pT2—4 NO), a baseline 
chest and abdominal scan (CT or MRI) is recommended 
within 3—6 months following surgery with continued imag- 
ing (US, CXR, CT, or MRI) every 3-6 months for at least 
3 years and annually thereafter to year five. Imaging 
beyond 5 years is typically left to the discretion of the cli- 
nician. Routine FDG PET scan is not indicated in the fol- 
low-up for renal cancer. In patients on active surveillance, 
a CT or MRI within 6 months of initiating active surveil- 
lance is recommended to establish a growth rate as well as 
an US, CT, or MRI obtained annually for continuous sur- 
veillance [66], given the slow growth rate of most small 
renal masses. 

In conclusion, all the described imaging modalities in this 
chapter hold value in the diagnosis and management of renal 
disease. However, each modality has its own advantages and 
disadvantages and should be appropriately selected in the 
given circumstance. It is important that physicians have the 
full array of imaging options available and exercise medical 
judgment in selecting the imaging modality that best meets 
the needs of any given patient. 
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Introduction 


Over the past few years, there has been an increase in the 
incidence of incidentally discovered small renal tumors, 
believed to be related to the widespread availability and uti- 
lization of cross-sectional imaging [1, 2]. With earlier detec- 
tion, some centers have advocated a larger role of 
percutaneous renal mass biopsy for diagnostic purposes [3]. 
Traditionally, indications for renal mass biopsy were for 
diagnosis of suspected lymphoma or metastatic disease and 
played a minimal role in management. Many centers now 
utilize renal mass biopsy for other indications such as obtain- 
ing a tissue diagnosis prior to ablative therapies, confirming 
histology prior to cytoreductive nephrectomy, and enroll- 
ment into active surveillance programs. 

For patients with small renal masses (<4 cm), clinical 
management remains a challenge as it is now understood that 
a large number of these cancers are indolent, with low meta- 
static potential. In the last decade, a greater understanding of 
the molecular genomics of renal cell carcinoma has emerged, 
and tumor profiling may improve risk stratification and cre- 
ate personalized treatment selection [4]. While tumor hetero- 
geneity exists with regard to driver mutations and may 
present a barrier that reduces the accuracy and reliability of 
sequencing, small renal masses are increasingly found to 
demonstrate a more homogenous genomic and transcrip- 
tomic profile than previously recognized [5]. Immediate sur- 
gery without careful risk stratification may lead to 
unnecessary surgeries and increase morbidity and mortality, 
as 8.5% of inpatient renal surgical admissions are attributed 
to benign masses [6]. It has been increasingly recognized 
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that routine renal biopsies may reduce the number of surger- 
ies for benign tumors and decrease the overtreatment of 
small renal masses [7]. 

While interventional radiologists have traditionally per- 
formed the targeted renal mass biopsy, a small but increasing 
number of urologists with training in image-guided biopsies 
also perform these procedures. The goal of this chapter is to 
explore the methods, safety, complications, and accuracy, 
and to discuss current and expanding indications. 


Accuracy of Renal Mass Biopsy 


The diagnosis of renal cell carcinoma has differed from other 
solid malignancies in that a preoperative diagnosis has tradi- 
tionally relied on imaging for suspicion of benign vs. malig- 
nant disease. Most solid enhancing renal lesions are 
suspicious for renal cell carcinoma until proven otherwise. 
These may be considered for surgical resection even in the 
absence of a tissue diagnosis [8]. The caveat is when a lesion 
demonstrates macroscopic fat, which is nearly pathogno- 
monic for a renal angiomyolipoma, which has a completely 
different treatment algorithm. In the presence of diffuse met- 
astatic cancer, a renal metastasis is always on the differential 
diagnosis, but may have a very different enhancement pat- 
tern [9]. Cystic renal lesions also have a distinct classifica- 
tion system based on cross-sectional imaging, which is often 
used to guide management [10]. Despite improvements in 
imaging techniques, due to overlapping imaging characteris- 
tics of the various renal tumors, no imaging modality has 
sufficient sensitivity or specificity to predict benign disease 
[11]. The inability to predict benign disease with conven- 
tional modalities has led to a high rate of surgical removal of 
benign tumors. A study by Frank et al. found that 12.8% of 
all masses removed at nephrectomy were actually benign 
with the incidence of benign pathology increasing with 
decreasing tumor size. For lesions <1 cm, 44% were found 
to be benign after resection [12]. Loss of renal function after 
surgery has significant adverse health outcomes including 
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renal and cardiac events [13]. Therefore, any reliable method 
to prevent unnecessary kidney loss would be an extremely 
useful clinical tool [13]. 


Renal Mass Biopsy Diagnosis of Malignancy 


Image-guided biopsy of renal masses has proven to be safe, 
be effective, and have a high diagnostic yield. Overall, >80% 
of renal mass biopsies contain enough material to make a 
pathologic diagnosis [14]. The diagnostic sensitivity and 
specificity range from 80 to 92% and 83 to 100%, respec- 
tively [15]. A systematic literature review was performed by 
Lane and colleagues and evaluated the performance of nearly 
2500 percutaneous renal biopsies. The positive and negative 
predictive values of a biopsy were 97.5% and 82%, respec- 
tively. Additionally, both the sensitivity and specificity were 
also 92% and 90%, respectively. 

Despite the accuracy of renal biopsy, there are times when 
there is insufficient material and the biopsy is considered 
nondiagnostic. This may be avoided with an on-site cytopa- 
thology technologist reviewing the fine needle or core touch 
prep specimens prior to conclusion of the procedure. Success 
is greater for lesions that are larger and completely solid 
[16]. After a nondiagnostic biopsy, it’s essential to look at the 
biopsy images to see if the trajectory of the needle definitely 
traversed the lesion in question. Occasionally the prior 
biopsy may have clearly missed the target lesion resulting in 
a sampling error. Sometimes, a picture may look like the 
needle is in a lesion, but careful multi-planar examination or 
volume averaging shows it is at the edge. In these cases a 
repeat biopsy should be considered (Fig. 22.1). Leveridge 
reported the outcome of 12 patients who underwent a repeat 
biopsy of a suspicious lesion and found that 10 (83.3%) had 
a successful tissue diagnosis. 


S.A. Padia et al. 
Diagnosis of Histologic Subtype and Grade 


Percutaneous renal biopsy may not only serve to diagnose 
renal cell carcinoma but may provide further pathologic 
information, including the identification of subtype and 
tumor grade. If a high-grade tumor or an aggressive subtype 
is found, a different management strategy may follow. The 
diagnostic accuracy of distinguishing subtype of malignant 
tumors is approximately 80% [17]. A study by Renshaw 
et al. assessed the accuracy of fine needle aspiration (FNA) 
in identifying or distinguishing subtypes of renal cell carci- 
noma. There were 34 tumors studied, and of these, 74% were 
correctly subtyped when compared to the nephrectomy spec- 
imen [18]. The accuracy of distinguishing grade and histol- 
ogy may be further improved with core needle biopsy. 
Neuzillet et al. assessed 88 patients who underwent a 
CT-guided core needle biopsy and found it accurate in iden- 
tifying subtype and Fuhrman grade in 92% and 70%, respec- 
tively [19]. Incorporation of adjunct pathologic methods 
such as immunohistochemistry and assessment of cytoge- 
netic changes may further improve the capability to charac- 
terize tumor subtype. 


Biopsy Indications 
Established Indications 


Currently, most experts recommend biopsy of renal masses 
when the diagnosis would change management, including 
the choice of surgery, focal therapy, or systemic therapy. 
Established indications include patients with a renal mass 
who have an advanced, nonrenal malignancy such as mela- 
noma, lung, breast, lymphoma, and colon cancer. Often 
imaging may be suggestive of a metastasis when enhance- 


Fig. 22.1 An example of sampling error from a renal biopsy. (a) The 
tumor on contrast-enhanced imaging (white arrow). (b) The needle tra- 
jectory and biopsy performed from an outside hospital which showed 


normal parenchyma (c). Repeat biopsy performed directly into the 
lesion between ribs 11 and 12 which later demonstrated a Fuhrman 
grade III clear cell kidney tumor 
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ment is less robust than expected for primary renal tumors; 
however, this characteristic is not definitive [20]. If the renal 
mass detected is a metastasis, the management is obviously 
much different, except in rare cases where there is a role for 
metastasectomy for an isolated lesion. In addition, for 
patients with a renal mass that is deemed technically unre- 
sectable or who may not be a surgical candidate, a biopsy can 
help guide selection for systemic therapy. In patients who 
have a history of urinary tract infections such as pyelonephri- 
tis, a renal lesion may represent a focal abscess or carbuncle. 
In this setting, a percutaneous renal biopsy may avoid an 
unnecessary surgery. Finally, in patients with an atrophic 
kidney, it is not uncommon to have a spared region of paren- 
chyma that may also resemble a tumor (a pseudotumor). It is 
often not possible to give patients intravenous contrast in this 
situation due to chronic kidney disease, and we prefer a con- 
firmatory biopsy prior to offering management (Fig. 22.2). 


Emerging Indications 


With improvements in detection of benign lesions and detec- 
tion of subtype, there are emerging indications for biopsy. 
We consider a renal mass biopsy in elderly patients or those 
with small renal masses where identification of an oncocy- 
toma or oncocytic tumor with a more indolent potential 
would lead to consideration of nonoperative management. 
Additionally, prior to enrollment in an active surveillance 
protocol, identification of tumor characteristics provides 
insight into tumor biology. Occasionally one may identify an 
aggressive subtype or a high-grade lesion and consider treat- 
ment for these individuals. For non-VHL patients who are 
considered for laparoscopic or percutaneous ablation, percu- 
taneous biopsy must be done either before or at the time of 
treatment [8]. While both approaches are acceptable, there 
are advantages to doing them in either scenario. Doing them 
together obviates the need for two procedures; however, 


Fig. 22.2 Non-contrast (a) CT and (b) MRI in a 62-year-old female 
with CKD stage IV who had an irregular 4.5-cm right renal lesion 
(white arrow). (c) A percutaneous biopsy was performed for confirma- 
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there could be findings that are more suggestive of indolent 
histology which if known prior to the ablation would suggest 
aggressive management was not required. We generally 
advocate performing a biopsy in a separate setting for indi- 
viduals who could have high morbidity with an ablation and 
would consider surveillance if they could be reassured the 
lesion did not have aggressive pathologic characteristics 
prior to treatment, and then proceed with ablation once a 
malignant histology is confirmed. We advocate combining 
procedures in certain circumstances such as when stopping 
anticoagulants is an issue. Finally in cases of an extremely 
challenging partial nephrectomy where resection of the 
tumor will require collecting system entry and enucleation 
off the renal hilum, we occasionally utilize percutaneous 
biopsy to better characterize the lesion. Figure 22.3 demon- 
strates a lesion with a high nephrometry score (11) where 
three regions of the tumor were sampled and a Fuhrman 
grade II clear cell RCC was identified. Due to the perceived 
lower grade and biologic potential, an open partial nephrec- 
tomy utilizing enucleative resection was done. Had this been 
a very high-grade lesion or an aggressive histologic type, a 
laparoscopic radical nephrectomy would have been 
considered. 


Complications of Renal Mass Biopsy 


Historically, renal mass biopsy was associated with substan- 
tial morbidity. However, recent reviews have demonstrated 
that mortality is exceedingly rare and even minor complica- 
tions are <2% [14]. Complications of renal mass biopsy 
include tumor seeding, bleeding, infection, arteriovenous 
fistula, and pneumothorax. Each of these risks will be indi- 
vidually explored in the following sections. In light of the 
low rate of complications, the benefit of avoiding a morbid 
operation often outweighs the risk associated with renal 
mass biopsy. 


tion that this represented a mass vs. asymmetric cortical hypertrophy. 
The biopsy confirmed the presence of a Fuhrman grade II clear cell 
kidney tumor 
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Fig. 22.3 (a) A 47-year-old man with an incidentally detected 5.5-cm 
left renal mass with a nephrometry score of 11ph (white arrow) (b) A 
renal biopsy was performed to help guide the choice of therapy. (c) 
There was some mild asymptomatic hematoma (red arrow) after the 


Bleeding Risk 


Hemorrhage is the most frequently encountered complica- 
tion of renal biopsy due to the high blood flow to the kidney. 
Modifiable factors such as coagulation parameters and 
hypertension should be optimized however, even when these 
factors are controlled; there is still a high bleeding risk. It is 
recommended that patients on anticoagulation or platelet 
inhibitors be evaluated for cessation prior to biopsy and 
those patients with history of bleeding diathesis be properly 
worked up. It has been widely believed that needle size plays 
a role in the risk of bleeding. For native kidneys, it has been 
demonstrated that the risk of bleeding can be fourfold greater 
ifa 14-gauge needle is used vs. smaller gauges [21]. However, 


procedure. (d) Once several cores demonstrated a Fuhrman grade 1-2 
clear cell renal mass, we proceeded with a complex partial nephrectomy 
confirming the presence of a low-grade T1b renal tumor 


in animal models Gazelle and colleagues found no signifi- 
cant difference in bleeding risk between 18-, 20-, and 
22-gauge needles [22]. We prefer to use a 17-gauge intro- 
ducer with an 18-gauge needle to provide quality tissue cores 
with the theoretical benefit of limiting the risk of bleeding. 
Identification of bleeding after biopsy is highly dependent 
on the use of post-procedural imaging. Ralls and colleagues 
investigated the incidence of bleeding by performing a CT 
scan and ultrasound 24—72 hours after biopsy. CT was more 
sensitive and specific than US for detecting hemorrhage. A 
surprisingly high frequency of patients (91%) was identified 
with some hemorrhage on CT scan, but that is an expected 
appearance if one looks. However, only two of these hemato- 
mas were clinically significant requiring treatment. While 
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the risk of bleeding is high, generally most patients will have 
a small clandestine hematoma that is not symptomatic or 
clinically significant. 

Post-biopsy patients must be observed while lying supine 
to tamponade any bleeding. The optimal timing of observa- 
tion after a renal mass biopsy has not been established. In the 
native non-focal renal biopsy literature, the timing of com- 
plications has been specifically addressed. Historically 
patients were observed for 24 hours for observation. Two 
large series assess the timing of major complications in 
patients who were kept for overnight observation. Several 
studies have suggested that 42-52% and 85-95% of compli- 
cations are observed within 4 and 12 hours, respectively [23, 
24]. Most centers observe patients undergoing renal mass 
biopsies for approximately 4 hours unless they are consid- 
ered to have a significant risk of bleeding. 

Significant bleeding complications appear to be higher in 
patients who need to undergo a random kidney biopsy for 
diagnosis of medical renal disease. Many of these patients 
may have platelet dysfunction from uremia or platelet inhibi- 
tors, such as aspirin and clopidogrel, as well as having sig- 
nificant hypertension. A large meta-analysis found the 
overall rates of transfusion and gross hematuria were 1% and 
3.5%, respectively [21], much higher than what is observed 
in modern series of renal mass biopsies. Coprai and col- 
leagues found that having elevated creatinine and being ane- 
mic are risk factors for post-biopsy hemorrhage with random 
kidney biopsies [21], which are obviously less frequent in 
patients who undergo a renal mass biopsy. 

Occasionally patients may develop hemodynamic insta- 
bility for significant bleeding. This is more common in frail 
patients or those on multiple hypertensive medications who 
have fasted for several hours before the procedure (Fig. 22.4). 
Wood and colleagues examined clinically significant bleed- 
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ing complications (requiring blood transfusion, or emboliza- 
tion) after 79 renal mass biopsies. In this study, there were no 
major bleeding complications. In the case of a clinically sig- 
nificant bleed, rarely is surgery required. Conservative man- 
agement with fluids and/or transfusion is generally all that is 
necessary. In the setting of a major post-biopsy hemorrhage, 
if angiography is available, we advocate for immediate selec- 
tive embolization. While bleeding almost always stops with 
conservative management, embolization of active bleeding 
may prevent expansion into a large hematoma that could take 
months to reabsorb and cause a significant delay in surgical 
management. 


Risk of Seeding 


The risk of needle track seeding of tumor cells is a concern 
in several solid nonrenal malignancies. In the kidney cancer 
literature, the risk is exceedingly low. Herts and colleagues 
estimate the risk of tumor seeding to be 0.01% [25]. A study 
by Neuzillet et al. explored this risk in a series of 88 patients 
and found no reports of tumor seeding after biopsy [19]. The 
use of a coaxial sheath, through which passes the biopsy 
needle, could limit the risk of seeding. Additionally there has 
been speculation that a large needle increases the risk of 
seeding [26]; however, no definitive evidence exists this is 
the case for kidney tumors [27]. 

One case in the literature reported seeding of the biopsy 
tract after an US-guided biopsy of a Bosniak IIF renal cyst. 
In this report there were four needle passes during FNA in 
addition to two core biopsies without the use of a coaxial 
sheath. On final pathology the authors believed there was 
extrarenal extension of a 6.5-cm high-grade papillary tumor 
believed along one of the needle tracks [28]. This unique 


Fig. 22.4 (a) A posterior 3.8-cm renal lesion in an 86-year-old female. (b) After biopsy of the lesion, there was significant bleeding anterior and 
posterior to the lesion (red arrows). The patient was managed with admission and conservative measures 
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case occurred with a cystic lesion that many centers would 
generally exclude from biopsy, given the higher risk for cyst 
rupture and the potential for tumor spillage [29]. While the 
authors believed the spread was along a needle track, there is 
no definitive way to confirm the path of a biopsy needle 
ex Vivo. 

In recent years there have been additional reports in the 
literature which raise some concern about needle track seed- 
ing. In a recent series, seven patients were found at the time 
of surgery to have tumor within perinephric fat, in an area of 
fat necrosis/hemorrhage which was presumed to be the path 
of the coaxial sheath and needle. Six of these cases were 
high-grade papillary cancers, and ultimately one developed a 
local recurrence [30]. In a separate report, two cases were 
profiled that documented multiple local recurrent RCC along 
the biopsy tract, which ultimately lead to significant morbid- 
ity [31]. 

With concerns of tumor cells infiltrating the fat, there is 
the question whether it leads to clinical upstaging with peri- 
nephric fat involvement. Using the National Cancer Database, 
Salmasi et al. found an upstaging rate of 2.1% for patients 
who underwent renal biopsy compared to individuals who 
did not receive one (1.1%) [32]. While the authors found that 
upstaging from clinical Tla to pT3a was associated with 
worse overall survival on Cox proportional hazards analysis, 
they maintain that the increase in upstaging due to renal 
biopsy is small and is currently of unknown clinical signifi- 
cance. Furthermore, the authors attribute a potential selec- 
tion bias in the database that favors individuals who received 
surgery, as patients who did not receive surgery after renal 
biopsy were likely omitted from the cancer registry. 

Due to the risk of seeding with upper tract urothelial can- 
cers, some centers have avoided percutaneous biopsy for 
central lesions or those with collecting system involvement. 
However, since identification of tumor type has such an 
important implication on management, it may be necessary 
prior to embarking on a treatment pathway. Ureteroscopic 
biopsies often provide limited tissue often with crush arti- 
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fact. In the setting of suspected metastatic disease, we start 
with a percutaneous biopsy, as seeding may be irrelevant in 
this situation. For localized disease, if a ureteroscopic 
approach is attempted and is unsuccessful, since the risk of 
seeding is so exceedingly low, we proceed with a percutane- 
ous biopsy [33]. 


Adjacent Organ Damage 


The major organs at risk for damage from needle passage 
during percutaneous renal biopsy include the lung, pleura, 
liver, stomach, pancreas, colon, and spleen. These can gener- 
ally be moved safely to create a safe biopsy pathway via the 
technique of hydrodissection. An aliquot of fluid, typically 
NS or D5, is instilled under ultrasound guidance, with CT 
verification, in order to create a pathway or move needle- 
sensitive structures like the bowel. An anterior approach with 
the patient in supine position is generally avoided due to the 
position of the bowel. However, for anterior tumors, patients 
positioned in a semi-flank position may shift the bowel with 
gravity to provide a window to access the lesion (Fig. 22.5). 
For upper pole lesions on the right side, if access to the lesion 
is difficult, a supine transhepatic approach can be performed 
(Fig. 22.6). 

When the biopsy is approached from a posterior intercos- 
tal approach, it is very important to keep breathing consis- 
tent. Patients should not be over-sedated in order to cooperate 
with breathing instructions in order to minimize risk to adja- 
cent organ injury. Alternatively, you could do sedation and 
try to time the biopsy with respiration to keep consistent. 
This would allow the blood pressure to remain lower and 
limit bleeding risk. For individuals who are not safe for deep 
sedation, in rare cases a general anesthetic may even be nec- 
essary. Adjacent organ injury is of particular concern for 
upper pole tumors due to the caudal extent of the pleural 
recess. A study by Hopper et al. examined the relationship of 
the surrounding organs to the upper pole of the kidney by 


Fig. 22.5 (a) A 1-cm anterior-medial renal lesion that needed to be assessed prior to liver transplantation. (b) The patient was rolled into flank to 
shift the bowel and (c) facilitate ease of biopsy 
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Fig. 22.6 (a) An upper pole, anterior renal mass in a patient with a prior history of metastatic cancer. (b) A transhepatic approach was used to 
access the lesion 


evaluation of a prospective needle trajectory during inspira- 
tion and exhalation in both supine and prone positions [34]. 
In the prone position, there was more significant variation 
between inspiration and expiration. If done after exhalation, 
the liver and spleen may be in the needle path in 14% and 
33% of patients, respectfully. These risks were minimized 
when performed during full inspiration. However, with this 
approach, there is a much higher rate of entry to the pleura, 
14% and 29% on the left and right, respectively [34]. When 
attempting an intercostal approach above the 11th or 12th 
rib, despite a well-planed approach to the lesion, variations 
in breathing can still lead to pneumothorax (Fig. 22.7). Picus 
et al. studied the risk of pleural injuries with a posterior inter- 
costal approach and found 8% of patients develop a pleural 
effusion and 4% developed pneumothorax [35]. In the prone 
position, the posterior sulcus of the pleura and lung goes fur- 
ther caudal, making pneumothorax more likely. Same is true 
for biopsy of a nondependent kidney in the decubitus 
position. 


Biopsy Techniques 


There are multiple methods of percutaneous renal mass 
biopsy that are both safe and effective. Each provider may 
have their own way of performing the procedure that works 
well in their hands. We will discuss several technical aspects 
of obtaining tissue, including using imaging modalities, and 
guidance methods. 


FNA Versus Core Biopsy 


Fine needle aspiration (FNA) and needle core biopsies are 
the two methods of obtaining renal tissue percutaneously. 
For FNA, a small sample of cells from the target area is aspi- 
rated through the needle into a syringe. For the core biopsy, 
the needle is typically larger and a small cylinder of tissue is 
removed. A study by Scanga et al. assessed the utility of each 
method by assessing adequacy, and diagnostic yield. When 
compared with FNA, core biopsies consistently had higher 
specimen adequacy, higher diagnostic accuracy, and higher 
reporting of RCC subtype and Fuhrman nuclear grade [36]. 
We generally prioritize core biopsies, given the larger amount 
of tissue retrieved. However, we routinely perform FNA in 
conjunction with the core biopsy with a cytopathology tech- 
nician present to ensure one of the modalities obtains suffi- 
cient diagnostic material, and FNA may increase overall 
yield when added to the cores. 


Imaging Modality 


Multiple imaging modalities can be utilized for percutaneous 
renal mass biopsy. The most commonly used and best- 
studied modalities utilize ultrasound and CT. Magnetic reso- 
nance imaging (MRI) and cone-beam CT-guided fluoroscopy 
have also been used. When deciding on the modality for 
renal mass biopsy, it is important to take several factors into 
consideration including the size and location of the renal 
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Fig. 22.7 (a) Upper pole, central right renal mass with borderline enhancement. (b) Despite targeting with the gridlines, the patient had erratic 
breathing leading to the needle transversing the lower pleural recess causing a (c) small pneumothorax seen on the coronal CT view 


mass, patient size, proximity to other vital organs, visibility, 
and the technical skill and comfort of the operator with each 
modality. In addition, other factors such as equipment avail- 
ability, cost, and physician preference come into play. 

US is commonly employed for normal kidney and renal 
mass biopsies. Use of US allows real-time multi-planar 
imaging, does not expose the patient to ionizing radiation, is 
low cost, is portable, and allows for accurate assessment of 
immediate post-biopsy hemorrhage. The major limitation of 
US-guided biopsy is potential inability to accurately visual- 
ize the target lesion, either due to the tumor echogenicity or 
due to the patient’s body habitus. If US is the modality used 
for renal mass biopsy, a detailed evaluation must be under- 
taken to optimize the image, identify the surrounding struc- 
tures, select site of needle entry, and observe the needle 
passage directly into the lesion. Recently air or gas micro- 
bubbles have been used in the evaluation of renal masses, 
and this modality has the potential to assist with enhanced 
visualization of the mass during a renal biopsy [37]. 

The benefits of CT include the ability to identify nearby 
structures, thereby averting damage, potentially superior 
soft-tissue contrast resolution, and the option of using intra- 
venous contrast to better delineate the lesion. For larger 
patients, a CT scan provides high-quality image guidance. 
The primary disadvantage of CT guidance is the lack of real- 
time imaging (unless CT fluoroscopy is available). This is 
particularly important given the motion of the kidney during 
respiration. Other drawbacks of CT include radiation expo- 
sure, higher cost, and resource utilization. Without intrave- 
nous contrast, it may not be possible to identify the renal 
lesion for targeting, unless US—CT fusion is available. To 
minimize radiation, a lower radiation dose, a limited field, 
and larger slices (3.75—5 mm) can be utilized. Where there is 
concern of the potential for injury to adjacent structures or in 
the case an upper pole lesion, a combined US and CT 
approach may be beneficial. 


Other imaging modalities used in some centers include 
MRI and cone-beam CT-guided fluoroscopy. The availability 
and the expense of MRI and MRI-compatible custom equip- 
ment make this imaging modality not feasible in many insti- 
tutions. For most closed MRI units, the gantry is narrow, and 
placement and advancement of the biopsy needle can be 
challenging. Cone-beam CT-guided fluoroscopic platforms 
are emerging and represent an exciting technology for renal 
mass biopsy, with careful respiratory visual gating. Using 
fusion software, a prior scan can be overlaid with a low-dose 
cone-beam CT. Planning software can be used to design the 
trajectory of the needle. Fluoroscopic images can be used to 
denote the point of needle entry in the skin and the orthogo- 
nal progress view for advancement to the lesion. This tech- 
nology is not available in all centers but serves as an attractive 
modality that provides quality image guidance while limit- 
ing radiation exposure compared to conventional CT. 


Localization Assistance 


For ultrasound-guided renal mass biopsies, there are various 
bracket guides that can fasten to an ultrasound probe. Most 
ultrasound units have software available to demonstrate the 
path of a biopsy needle when placed directly into the needle 
guide. This is a very useful technique for beginners, as it will 
give a good idea of where the needle is heading. With the 
ultrasound probe demonstrating the renal mass in an oblique 
plane (whichever serves as the best sonographic window for 
both needle path and tumor), the probe can be angled and the 
needle adjusted to direct the needle path into the tumor. Once 
the introducer is appropriately advanced, most needle brack- 
ets allow removal of the biopsy needle from the needle guide/ 
ultrasound probe. This allows more freedom for the move- 
ment of the biopsy needle instead of being rigidly stuck to 
the ultrasound. Additionally, having control of the probe to 
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optimize the angle of incidence allows for better visualiza- 
tion of the needle within the mass. With greater experience 
performing percutaneous ultrasound-guided biopsies, most 
practitioners prefer freehand placement of the introducer 
needle. One technique, which can improve the operator’s 
ability to locate the needle, is using an echogenic needle with 
special etchings (or scratches with a clamp). This allows the 
needle to be hyperechoic on ultrasound to follow the path 
and the anticipated trajectory (Fig. 22.8). If an echogenic 
needle is not available, scratches can be made on the outer 
surface of the introducer to make the needle more hyperechoic 
and visible during the biopsy. Adjustments are made by com- 
paring the needle location and trajectory to the tumor loca- 
tion and adjusting angles in one plane at a time (oblique to 
the ultrasound imaging plane). 

For CT- and MRI-guided procedures, the use of a radi- 
opaque localizing grid simplifies needle entry by allowing 
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identification of the sagittal point of entry (Fig. 22.9a). Once 
the axial point of entry is determined, we note the angle and 
distance needed to get to the target region of interest 
(Fig. 22.9b). Sometimes an isodense lesion does not alter the 
contour of the kidney and may be challenging to target. 
These lesions can easily be missed leading to a nondiagnos- 
tic biopsy. While anatomic landmarks are useful, often these 
may change when the patient is placed in prone or flank posi- 
tion as opposed to the supine position used to characterize 
the tumor. The use of IV contrast during cross-sectional 
imaging allows the operator to better visualize the location 
of the lesion (Fig. 22.10). Once the lesion is localized, it 
facilitates targeting and improves the ability to obtain a diag- 
nostic tissue sample. An alternative to this technique is to use 
fusion, available from nearly all ultrasound vendors now, 
where the arterial phase CT or MRI that identified the lesion 
is used for navigation. 


Fig. 22.8 (a) Patient with 15-cm kidney tumor and 12-cm liver metastasis. Use of an echogenic biopsy needle (white arrows) to guide localization 


into (b) renal mass and (c) liver lesion 


1: distance 66nn, angle 63 


Fig. 22.9 (a) An example of a radiopaque localizing grid on a patient. The gridlines assist with sagittal localization, and the CT aiming beam 
shows the axial entry location. (b) The CT scan shows sagittal oriented gridlines and the distance/angle to the targeted lesion (red box) 
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Fig. 22.10 (a) An endophytic 3-cm right renal mass that does not distort the contour of the kidney (b) Use of IV contrast allows better delineation 
of the tumor location (red arrows) prior to placement of (c) percutaneous needle biopsy 


Conclusions 


Renal mass biopsy is an effective diagnostic procedure with 
an extremely low rate of major complications. Biopsy can be 
performed with a wide variety of imaging modalities, but 
most centers utilize either US or CT. Core needle biopsies 
yield a higher diagnostic accuracy than FNA in regard to 
identification of histologic subtype and grade. When done by 
an experienced practitioner, renal mass biopsy has proven to 
be very useful in guiding clinical management decisions. 
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Introduction 


Urinary diversion and drainage procedures have been 
employed for over 100 years to minimally invasively treat 
disorders of the urinary tract. Percutaneous nephrostomy 
(PCN) was first described in 1912 when Hugh Hampton 
Young passed a pediatric cystoscope percutaneously into a 
hydronephrotic kidney. In 1955, Willard Goodwin 
described PCN using a trocar technique similar to those 
used today [1]. Throughout the1970s and 1980s, investiga- 
tors in France, the United States, and Germany described 
PCN for the removal of renal calculi [2]. Over the last 
25 years, the technical evolution of interventional radio- 
logic and endourologic techniques exploded in parallel 
with technological advances in imaging, catheters, and 
guidewires. Currently, percutaneous and endourologic 
techniques complement each other in the management of 
urinary tract pathology. 

Percutaneous interventions are integral to the diagnosis and 
treatment of urinary tract disorders in adult and pediatric patients. 
A thorough knowledge of the anatomy, techniques, pearls, and 
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pitfalls will equip the operator with the necessary armamentar- 
ium to treat a wide range of urinary tract pathologies. 


Anatomy 


An understanding of renal anatomy increases the safety and 
efficacy of percutaneous access and decreases the likelihood 
of complications. The kidneys are retroperitoneal organs, 
encased by perinephric fat and enclosed by the Gerota fascia. 
The kidney is obliquely situated, normally measuring 
approximately 10 cm on its axis in a standard adult patient, 
and parallels the psoas muscles with the upper pole oriented 
nearer the midline. The pleural reflection extends posteriorly 
to the 12th vertebral body, with about half of the right kidney 
and one third of the left kidney lying above this posterior 
pleural reflection [3]. 

The division of the renal artery into the major ventral and 
dorsal branches creates a relative avascular zone referred to 
as the Brodel bloodless line of incision. This zone is located 
posterior to the lateral convex border of the kidney and is the 
preferred route to traverse during percutaneous nephrostomy 
[4]. A posterolateral approach toward a posterior calyx mini- 
mizes bleeding risk and provides a straight vector for 
advancement of guidewires, dilators, and drainage catheters 
into the renal pelvis [3] (Fig. 23.1). 

The major calyces join within the renal sinus to form 
the renal pelvis, which empties into the ureter at the ure- 
teropelvic junction. The ureter courses within the retro- 
peritoneal space, anterior to the psoas muscle, into the 
pelvis. There, it inserts at the posterior bladder wall at the 
bladder trigone via the ureterovesical junction. The transi- 
tion points at the ureteropelvic junction (UPJ) and ure- 
terovesicular junction (UVJ) are the most common sites 
for obstruction over the total 25-30 cm course of the ure- 
ter as they present a relative bottleneck for the passage of 
urine [5]. 
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Fig. 23.1 Renal anatomy and vascular supply. Stylized images demon- 
strate the relatively decreased blood supply through the Brodel blood- 
less lines and targeting of the posterolateral calyx when obtaining 


Percutaneous Nephrostomy 
Indications 


The indications for PCN generally fall into one of the four major 
categories: relief of urinary obstruction, urinary diversion, 
access for endourologic procedures, and diagnostic testing. 
The most common indication for PCN is relief of urinary 
obstruction. Common causes of obstruction are calculi and 
malignancies of the renal collecting system and pelvis. 
Pelvic masses are less common causes of obstruction. Mass 
effect on the ureters from uterine fibroids or a gravid uterus 
can result in symptomatic obstruction. Pelvic malignancies 
include cervical and endometrial cancer, bladder cancer, and 
prostate cancer. Less common causes are congenital abnor- 
malities, retroperitoneal fibrosis, and lymphoma. Emergent 
decompression is indicated in cases of obstruction coupled 
with urosepsis and/or acute renal failure. Additional indica- 
tions for decompression include intractable pain, and com- 
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percutaneous access to the renal collecting system (a, b). (Image cour- 
tesy of Adina Haramati) 


monly when retrograde decompression has been attempted, 
it is not likely to succeed or is not indicated. 

In the setting of ureteral obstruction due to malignancy, a 
common approach in patients with bilateral obstruction due 
to pelvic malignancy is to initially drain the symptomatic, or 
most hydronephrotic collecting system, and only perform 
secondary PCN if renal function does not improve or in the 
presence of infection. This common practice is due to the 
high failure rate of stent placement in the setting of extrinsic 
compression due to pelvic malignancy [6]. 

Consultation for PCN is common in the setting of urinary 
leakage to divert downstream urine extravasation and to sup- 
port healing and sealing of the ureteral injury. Urine leak, 
either traumatic or iatrogenic, can occur anywhere in the uri- 
nary tract or at the site of an anastomosis. In the setting of 
known malignancy, or inflammatory fistulas, PCN is indi- 
cated to divert urine in conjunction with stent placement [3]. 
Urgent urinary diversion is indicated in cases of hemorrhagic 
cystitis, which carries a mortality of 4%. 
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Access for Interventions/Endourologic 
Procedures 


Often, PCN can be the initial procedure prior to therapeutic 
interventions, including lithotripsy, stone extraction, and 
treatment of ureteral strictures and possible direct infusion of 
antifungal or chemotherapeutic agents. At times, the only 
indication for PCN access is when retrograde stent place- 
ment is not feasible or successful [6]. 

Nephroscopic-guided interventions and operations 
include, but are not limited to, resection of urothelial neo- 
plasms, endopyelotomy, and intracavitary injection of che- 
motherapy for transitional cell carcinoma [3]. 

When the indication for PCN is nephrolithotomy and litho- 
tripsy, the procedure may be performed in stages or in the oper- 
ating room immediately prior to lithotomy or lithotripsy [6]. 


Diagnostic Testing 


Nephrostomy access can provide a conduit for biopsy of uro- 
thelial lesions with the aid of brushes and forceps. In addi- 
tion, although less common, PCN access allows for the 
performance of functional studies such as the Whitaker test. 

Occasionally, access may be performed for foreign body 
retrieval in the setting of a fractured or migrated ureteral 
stent. 


Contraindications 


There are no absolute contraindications for percutaneous 
nephrostomy. In the presence of a “relative contraindication,” 
the risks must be carefully weighed in the setting of a critically 
ill patient requiring renal access or urinary diversion. 


Relative Contraindications 


Uncorrectable Coagulopathy Nephrostomy catheter 
placement is considered a procedure with significant bleed- 
ing risk that may be difficult to detect or control. A relative 
contraindication is a severe coagulopathy that cannot be cor- 
rected or bleeding diathesis. 


The Society of Interventional Radiology consensus guide- 
lines [6] for patients undergoing PCN tube placement 
include: 
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e INR: Correct if greater than or equal to 1.5 (95% 
consensus). 

e Activated PTT: Stop or reverse heparin for values >1.5 
times control. 

e Platelets <50,000: Transfuse. 


Severe Hyperkalemia (Potassium Level Greater Than 
7 mEq/L) Electrolyte abnormalities may result in arrhyth- 
mias and metabolic acidosis if uncorrected. Medical man- 
agement and/or hemodialysis can be used to temporize these 
patients and allow for a safe window to perform more defini- 
tive intervention in cases of urinary obstruction leading to 
acute renal failure. Level of medical optimization prior to 
nephrostomy placement is dependent on the anesthesia used 
and comfort of operator/anesthesiologist. 


Terminally Ill Patients In the setting of imminent death, 
nephrostomy placement may not improve quality of life to a 
significant degree. Additionally, the presence of an external 
catheter can result in complications requiring hospital 
admissions. 


Pregnancy The use of fluoroscopy should be avoided in 
pregnancy, especially during the first trimester. While PCN 
insertion may be performed solely using ultrasound, limited 
fluoroscopy may be needed to assess optimal position. 


Pre-procedural Evaluation 
Imaging 


Pre-procedural imaging of any contributory modality should 
be reviewed to evaluate the location and anatomy of the tar- 
get kidney, with attention to the expected needle trajectory to 
avoid transgressing the bowel, pleura, liver, or spleen. 
Ultrasonography is commonly the first-line imaging for 
obstructive disease as it can assess needle position relative to 
target in real time as well as the degree of hydronephrosis. 
The proximal ureter and bladder are also often evaluated. 
Computed tomography (CT) and magnetic resonance imag- 
ing (MRI) have the advantage of the ability to evaluate the 
entire urinary tract and all surrounding abdominal and pelvic 
structures. The size, number, and configuration of calculi are 
readily seen on non-contrast CT. When determining access 
in the setting of bilateral obstruction, evaluation of the renal 
morphology by either CT or ultrasound is paramount. 
Atrophic kidneys are likely chronically diseased and 
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typically yield less improvement of overall renal function 
when selected for intervention. 


Laboratory Analysis 


It is good practice to review all available laboratory studies, 
not limited to platelets and the patient’s coagulation profile. 
Abnormal coagulation and electrolyte results should be 
addressed and corrected, if the clinical scenario permits, 
prior to any intervention. Improvement compared to a docu- 
mented pre-procedural baseline serum creatinine can func- 
tion as an indicator of improved renal function and 
post-procedural success. 


Technical Aspects of Procedure 
Anatomic Considerations/Patient Positioning 


Standard patient positioning on the fluoroscopic table is 
prone or oblique prone, unless an anterior approach is indi- 
cated as often the case in transplant kidney interventions. If 
the patient is unable to be positioned prone, the procedure 
may be performed in lateral decubitus. 

Once the patient is positioned and immediately prior to 
cleaning the skin, the targeted kidney may be imaged with 
ultrasound, conventional CT, cone beam CT, or fluoroscopy 
to confirm prior imaging results, planned approach trajec- 
tory, and laterality. 

Access through a specific calyx is occasionally required 
for stone extraction. 


Antibiotics 


The use of prophylactic antibiotics for PCN placement is 
directed toward preventing urosepsis from seeding of organ- 
isms into the bloodstream during manipulation of the infected 
urinary system (Table 23.1) [7]. The need for such preven- 
tion may be stratified based on the at-risk patient. Most 


Table 23.1 Commonly used antibiotics for genitourinary procedures 


Antibiotic Dosage Indication 
Cefazolin IV lg 
Ceftriaxone IV lg 
Ampicillin and gentamicin IV 2 g and 

1.5 mg 
Vancomycin or clindamycin + If penicillin 
aminoglycoside allergic 
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authors recommend the use of prophylactic intravenous anti- 
biotics for all obstructed patients. All agree that high-risk 
patients with underlying comorbidities or immunosup- 
pressed patients that are at high risk for infectious complica- 
tions require prophylactic antibiotic coverage. 


Sedation 


Adequate sedation is a critical part of safe and effective 
nephrostomy placement. Performed under a variety of inpa- 
tient and outpatient settings, anesthesia can range from local 
to general and is based on clinical assessment of patient 
needs as well as demands of proposed procedure. Operators 
performing conscious sedation must adhere to local creden- 
tialing standards as well as local and national guidelines pro- 
vided by the American Society of Anesthesiologists (ASA), 
American College of Radiology (ACR), Society of 
Interventional Radiology (SIR), etc. [8, 9]. 

According to ACR-SIR guidelines, intravenous sedative/ 
analgesic drugs are given in incremental doses that are 
titrated to the desired endpoints of sedation and analgesia. 


Access Approach 


Methods 


The practitioner performing the procedure should be aware 
that inspiratory effort is reduced with sedation; thus, the kid- 
ney may be oriented cephalad compared to pre-procedural 
imaging or access planning. 

With the patient in the prone position, the laterality is con- 
firmed, and the overlying skin is prepared and draped. The 
skin and subcutaneous tissues overlying the intended entry 
site are infiltrated with local anesthetic, and a small dermato- 
tomy may be made with a scalpel. Needle access for PCN is 
usually obtained with sonographic guidance, fluoroscopic 
puncture, or varying levels of combining both methods. 
However, conventional CT, CT-fluoroscopy, and cone beam 
CT may be employed. An 18-gauge trocar needle allows for 
less deflection and often has an echogenic diamond-shaped 
tip. The larger caliber 18-gauge needle has the ability to 
accept a 0.035-inch guidewire, thus minimizing the overall 
number of exchanges. If a 20—22-gauge trocar needle is used 
to access the renal pelvis, then a 0.018-inch wire and coaxial 
introducer catheter must be utilized prior to introducing a 
0.035-inch stiff guidewire. A smaller caliber needle (20-22 
gauge) is less traumatic to the kidney which may be benefi- 
cial in cases of difficult calyceal access. Regardless of diam- 
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eter, use of a floppy-tipped wire reduces access trauma. Once 
there is enough wire purchase into the renal pelvis, the coax- 
ial introducer or catheter is advanced over the stiff portion of 
the wire guide and into position ideally under real-time fluo- 
roscopy. If a coaxial introducer is utilized, removal of the 
introducer and stiffening cannula permits advancement of a 
0.035- or 0.038-inch-diameter wire guide through the lumen 
of the sheath. 

Typically, access to the collecting system is through a 
posterolateral approach with the needle directed toward a 
mid to lower pole calyx. Dryer et al. [4] describe the two 
tactile “pops” appreciated as the needle first traverses the 
renal capsule, followed by successful entry into the collect- 
ing system. Despite the access method, calyceal entrance is 
confirmed by the chosen guidance modality and by aspirat- 
ing urine. If the fluid is cloudy or there is a high clinical 
suspicion for infection, opacification of the collecting system 
may be avoided or performed with minimal volumes of con- 
trast and gentle caution. 


Ultrasound 


Under real-time sonographic guidance, an 18—22-gauge 
access needle is advanced directly into the target calyx using 
a “single-stick” technique. One should attempt to puncture a 
mid or lower pole calyx at an angle of 20—25° to the coronal 
plane [10] (Fig. 23.2). 

Access is confirmed via sonography, the tactile “pop,” 
and aspiration of urine. Contrast material may be injected 
under fluoroscopy for evaluation of calyceal location, mor- 
phology, and degree of hydronephrosis. Next, the access 
wire is advanced through the needle with an attempt to loop 
the wire within the renal pelvis which facilitates nephros- 
tomy tube deployment. One must attempt to form the pigtail 
within the renal pelvis, as attempting to do so within the ure- 
ter or in a calyceal infundibulum may be difficult and 
traumatic. 


Fluoroscopy 


Fluoroscopy alone may be used to access the renal collecting 
system. If there is a radiopaque calculus or indwelling ure- 
teral stent or if the collecting system is opacified secondary 
to the administration of radiopaque intravenous contrast or 
via retrograde injection through an existing ureteral catheter, 
these structures may be targeted in order to access the col- 
lecting system via a single- or two-stick process. If no radi- 
opaque target is present, a 22-gauge needle may be advanced 
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trans-retroperitoneal under fluoroscopy in a “blind” manner, 
guided by the renal outline or, if the outline cannot be seen, 
osseous landmarks and preoperative images [11]. Attempt to 
aspirate urine is performed by the operator as the needle is 
gently retracted. Upon aspiration of urine, the system may be 
opacified so the desired renal calyx may be defined and tar- 
geted with a second 18—22-gauge access needle. 


Combination Method 


Sonographic guidance of a 21—22-gauge needle into a renal 
calyx is performed. Once in place, air or contrast can be 
injected to define the posterior calyx, or the system can be 
opacified with contrast, in order to provide a radiopaque tar- 
get for larger needle access under fluoroscopy. If using air as 
a “negative” contrast, there is a risk of air embolism if the 
needle is not within the collecting system. 


Computed Tomography 


Although a less utilized form of guidance, a CT may be nec- 
essary in patients with variant renal anatomy, such as horse- 
shoe or pelvic kidneys. Barbaric et al. [12] described a 
combined CT-fluoroscopy technique performed in a modi- 
fied room where a C arm is fitted at the end of a CT table, 
allowing for fluoroscopy with the patient on the CT table. 
The CT-fluoroscopy technique was performed with the 
patient in the supine-oblique position, reporting no major 
complications and a 2% minor complication rate. 


Cone Beam/Fluoroscopic 


Cone beam CT, especially with the use of needle guidance 
software, results in improved anatomic visualization com- 
pared to conventional CT and fluoroscopy. Newer hybrid 
systems can perform high-speed rotational scanning with or 
without simultaneous contrast injection, and complete post 
processing within seconds. Siegel [13] describes the use of 
such software, allowing for the postprocessed dataset to be 
used to guide percutaneous interventions with the aid of 
interactive needle-path planning and guidance software. 


Periprocedural Complications 


The Society of Interventional Radiology stratifies the type of 
periprocedural complication by outcome as listed below. 
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Fig. 23.2 Ultrasound-guided needle access for percutaneous nephros- 
tomy. (a) Grayscale ultrasound image of the left kidney. Lower pole 
calyx is denoted with an asterisk. Needle track is identified by the 
arrowheads with the intended target being a lower pole calyx. (b) 
Fluoroscopic images demonstrate contrast opacification of the renal 
collecting system. The operator proceeds with needle exchange over 
0.018-inch wire for coaxial introducer sheath with contrast. (c) 
Subsequently, the operator passes a 0.035-inch guidewire through the 
coaxial introducer sheath, the lower pole calyx, and down to the proxi- 


mal ureter. (d) The introducer catheter is exchanged over 0.035-inch 
stiff wire for 8.5-French nephrostomy. PCN drain is passed beyond the 
inner metal stiffener and into the ureter. The metal stiffener is stationed 
at the beginning of the curve of the wire, and subsequently removed to 
allow for formation of locking loop. The loop is positioned within the 
renal pelvis, and the loop is locked. (e) Injection of contrast confirms 
adequate placement of the pigtail catheter in a decompressed system, 
without filling defect 
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Fig. 23.2 (continued) 


Minor Complications 


e No therapy, no consequence 
e Nominal therapy, no consequence; includes overnight 
admission for observation only 


Major Complications 


e Require therapy, minor hospitalization (<48 hours) 

e Require major therapy, unplanned increase in level of 
care, and prolonged hospitalization (>48 hours) 

e Permanent adverse sequelae 

e Death 


Minor and major complications combined occur in 
approximately 10% of patients [14] with sepsis and bleeding 
as the two major procedure-related complications. 

Septic shock post-procedure, defined as “fever, chills with 
hypotension, requiring increased level of care,” is reported to 
occur with a rate of 1-10%. This occurs more frequently in 
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the setting of pyonephrosis, as to be expected, with a reported 
rate of 7-9% [15]. This type of complication typically occurs 
within the first few hours post-procedure as manipulation of 
urine and traversing the renal parenchyma allows for bacteria 
to directly enter the bloodstream. 

Hemorrhage occurring after PCN is usually self-limited 
and resolves in a few days. If the urine remains bloody past 
72 hours with frank hemorrhage, upsizing of the nephros- 
tomy tube may be considered. If bleeding persists and the 
urine remains grossly bloody after 3—5 days or when there is 
a drop in hematocrit, patients should undergo angiographic 
evaluation with embolization of injured vessels [3]. 
Hemorrhage requiring transfusion occurs with reported rates 
of 1-4% with PCN alone. 

Other sources of bleeding after PCN include retroperito- 
neal hemorrhage and should be considered in the appropriate 
clinical setting, especially if the urine is clear. Suspected ret- 
roperitoneal hemorrhage is best evaluated with CT. 

Pleural complications rarely occur (approximately 0.2% 
of decompressive nephrostomies) and include pneumotho- 
rax, empyema, hydrothorax, and hemothorax. 
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Management 


Immediate post-procedure monitoring should confirm to 
ASA guidelines and institutional guidelines post administra- 
tion of sedation/general anesthesia. Additionally, regardless 
of use of sedation, recommendations are that the patient 
should be in a closely observed setting with frequent moni- 
toring of blood pressure, heart rate, and temperature in order 
to quickly identify signs of developing sepsis/shock. Post- 
procedure sepsis typically occurs within the first few hours 
immediately following the procedure as manipulation of 
urine and traversing the renal parenchyma serves as a nidus 
for bacteremia. Recording vital signs at 30 minutes to 1-hour 
intervals is recommended up to 6 hours post-procedure, and 
use of clinical judgment may be necessary to prolong moni- 
toring based on intra-procedural findings [10]. 

Over time, urinary tract catheters fail due to wear and tear, 
become encrusted with mineral deposits, or clog with 
mucous or proteinaceous material. It is good practice to 
periodically exchange all indwelling urinary tract catheters. 
We routinely exchange catheters every 3—6 months depend- 
ing on each patient’s clinical situation. 

Nephrostomy tube exchange usually can easily be per- 
formed under fluoroscopy using local anesthetic only. 
Injection of contrast material confirms placement within the 
renal pelvis. The catheter is exchanged over a stiff 0.035- 
inch guidewire for a new nephrostomy tube which is formed 
within the renal pelvis. 

Unfortunately, there are instances where catheters become 
encrusted with mineral deposits or clogged. Catheter exchange 
can become challenging and frustrating for both the patient 
and operator. In instances where a nephrostomy tube is 
clogged with blood or proteinaceous material, clearance can 
often be achieved by flushing the catheter with normal saline 
within a small volume syringe. Alternatively, catheters are 
often cleared by probing with a stiff hydrophilic guidewire. If 
the lumen is unable to be cleared, a sheath can often be placed 
over the catheter into the urinary tract facilitating removal 
while preserving access [16]. Additionally, if there is a well- 
established catheter tract, a catheter and hydrophilic guidewire 
can be advanced through the tract alongside the indwelling 
catheter into the renal collecting system to preserve access 
during subsequent catheter removal. On rare occasions where 
a tube is casted both inside and out with mineral deposits and 
unable to be exchanged, lithotripsy can be performed to free 
the catheter for exchange [17]. 

Catheters can become dislodged requiring emergent 
replacement. In instances where a chronic nephrostomy tube 
has become dislodged, replacement is through the estab- 
lished tract (Fig. 23.3). The tract is opacified confirming 
communication with the renal collecting system and is then 
traversed with a catheter and a guidewire. If the tract is not 
established, replacement is more urgent as the tissue layers 
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may fall out of alignment or the nephrostomy may close 
entirely. Often, through contrast opacification and probing 
with a soft-tipped catheter and/or a hydrophilic guidewire, 
the tract can be recannulated resulting in successful nephros- 
tomy reinsertion. In instances where the tract is unable to be 
recannulated, a fresh nephrostomy may be indicated. 


Outcomes 


Success rates for PCN vary depending on the clinical sce- 
nario. The success rates in dilated systems approach 99% at 
most institutions, with lower rates reported in patients with 
non-dilated collecting systems, complex stone disease, and 
staghorn calculi. In complicated cases, reported success rates 
drop to 85%. 


Nephroureteral Stents/Catheters/Tubes 


A nephroureteral catheter is a unibody multiple side hole 
internal/external drainage catheter. Typically the proximal 
locking loop, with drainage holes, is positioned in the renal 
pelvis, and the distal loop, also with drainage holes, is posi- 
tioned in the bladder. This unibody catheter which combines 
an external drainage tube and ureteral stent confers several 
advantages. Simultaneous internal and external drainage 
maximally decompresses the patient ensuring that obstruc- 
tion to urinary flow will be minimized. This may be desirable 
to facilitate healing of a urinary tract injury or to rapidly nor- 
malize renal function. Internal/external access may be desir- 
able to facilitate stone extraction (Fig. 23.4). Finally, internal/ 
external access may improve patient quality of life. In 
instances where ureteral stents are unable to be exchanged 
cystoscopically, nephroureteral tubes can remain capped and 
exchanged at regular intervals, often with local anesthesia 
alone. This configuration provides emergency external drain- 
age and facilitates catheter maintenance. 

Nephroureteral catheters may be placed primarily or fol- 
lowing a period of external drainage. Following access to the 
renal collecting system, an angled catheter is passed down 
the ureter to the level of concern. Prior to traversing the area 
of concern, a vascular sheath can be inserted into the collect- 
ing system or ureter over a stiff guidewire to protect access, 
opacify the system, decrease trauma to renal parenchyma, 
and increase support. The obstruction or injury is traversed 
using the catheter and a hydrophilic guidewire. Once entry 
into the bladder is confirmed, the approximate length of the 
ureter can be measured with a guidewire or catheter. The 
catheter and sheath are removed and exchanged for the 
nephroureteral catheter over a stiff wire. A long peel-away 
sheath can be utilized, if necessary, to add support during 
catheter insertion through tortuous anatomy or severe stric- 
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ture. The distal loop is positioned in the bladder and proxi- 
mal loop is formed within the renal pelvis. Care should be 
taken to size the nephroureteral catheter appropriately as 
pressure on the trigone can decrease patient tolerance. 


Catheter Exchange 


Nephroureteral catheters are exchanged at regular intervals 
in a similar fashion as nephrostomy tubes but may be consid- 
erably more uncomfortable for the patient. Exchange often 
requires more manipulation to reduce the proximal loop and 
often results in catheter and wire pressure upon the bladder 
trigone. Furthermore, difficulty may be encountered during 


Fig. 23.3 Dislodged nephrostomy tube replacement with recanaliza- 
tion of nephrostomy tube tract. (a) Scout image demonstrates deformed 
catheter locking loop. (b) Zoomed view of catheter morphology and 
location. (c) After catheter removal, a 5-French angled catheter was 
placed into the nephrostomy. Opacification of the tract demonstrates 
communication with the renal collecting system. (d) Catheter is 


replacement through chronic strictures or tortuous ureters. 
To that end, we provide sedation for some of our patients. 


Ureteral Stent Placement and Management 


Generally, it is desirable to restore antegrade flow of urine 
without prolonged external drainage. It is inconvenient or 
uncomfortable for patients to have prolonged external drain- 
age catheters whether they are capped or connected to drain- 
age bags. The presence of an external drainage catheter 
exposes the patient to increased risk of dislodgment, leakage, 
access site irritation, and infection. To that end, internal 
drainage via double J ureteral stents is better tolerated. Many 


advanced, along with a 0.035-inch glide wire, into the renal pelvis. (e) 
Contrast opacification confirms hydronephrosis of the kidney and 
placement of the catheter in the renal collecting system. (f) Angled 
catheter is then exchanged over 0.035-inch guidewire. (g) Pigtail neph- 
rostomy catheter is replaced and positioned in the renal pelvis 
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Fig. 23.3 (continued) 
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times, they are placed as part of a staged procedure as issues 
such as urosepsis and uremia preclude extensive manipula- 
tion during primary drainage. The presence of hydronephro- 
sis may result in an obvious transition point at the level of 
obstruction; however, the patulous nature of the ureter and 
collecting system often makes the lumen difficult to engage, 
catheterize, and traverse. 

A staged procedure allows for accurate identification as 
well as possible diagnosis and treatment of ureteral stricture 
or obstruction [18]. 

Double J ureteral stents are catheters that have both 
proximal and distal loops, each with multiple drainage 
holes. Typically, one loop resides in the renal pelvis and 
one loop resides in the bladder. This configuration facili- 
tates drainage and decreases the likelihood of dislodgment. 
Double J ureteral stents are placed to restore continuity of 
antegrade flow through a ureteral blockage, stricture, or 
injury [19]. Historically, ureteral stents are placed by a 
urologist in a retrograde fashion. In instances when the 
urologist is unable to identify the ureteral orifice within the 
bladder or is unable to bypass a ureteral injury, obstruction, 
or stricture, they may be placed percutaneously in an ante- 
grade fashion (Fig. ). 
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Ureteral stents may be placed primarily, following a 
period of external drainage, or in exchange for an indwelling 
percutaneous nephroureteral (PCNU) catheter. The proce- 
dure for antegrade ureteral stent placement is similar to 
PCNU placement (see Fig. ). Although placement of a 
covering nephrostomy tube is not mandatory following stent 
deployment, care should be taken not to lose access to the 
renal collecting system during deployment to facilitate cov- 
ering nephrostomy tube placement. This tube may be left 
uncapped if there is significant hematuria to facilitate maxi- 
mal drainage. A capping trial is performed to determine if the 
patient will tolerate internal drainage. Following a capping 
trial, the covering nephrostomy should be removed under 
fluoroscopy as it is possible the locking loop of the nephros- 
tomy catheter or its radiolucent retention string and proximal 
loop of the ureteral stent may be intertwined. 


Catheter Exchange 
Double J ureteral stent exchange is typically performed in a 


retrograde fashion. Usually exchange is via cystoscopic and 
possibly fluoroscopic guidance. Retrograde stent exchange 


Fig. 23.4 Nephroureteral stent placement. Nephroureteral stent was 
placed in this patient with a staghorn calculus to provide access for 
percutaneous and endourologic stone extraction. (a) Grayscale ultra- 
sound, fluoroscopic, and CT images demonstrate needle puncture and 
access to the kidney with large staghorn calculus (asterisk). (b) Contrast 


injection confirms access to the collecting system. (c) Catheter and wire 
are advanced to the proximal ureter (i) and subsequently the bladder 
(ii). (d) The nephroureteral stent is positioned appropriately. (e) Further 
contrast injection demonstrates patency and antegrade flow of contrast 
to the bladder 
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Fig. 23.4 (continued) 
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3.4 (continued) 


may also be performed under fluoroscopic guidance alone. 
The urethra can be traversed using a catheter and guidewire 
in exchange for a vascular sheath. A snare is introduced into 
the bladder and used to capture the stent which is then 
exchanged in a similar fashion to the cystoscopic approach. 
In cases where retrograde exchange is not possible, stents 
may either be exchanged in an antegrade fashion. Patients 
are usually given conscious or deep sedation. If there is a 
nephrostomy tube in place, the nephrostomy tube is 
exchanged for a vascular sheath. A snare is introduced 
through the sheath into the renal pelvis and is used to capture 
the proximal loop. The loop is brought out through the neph- 
rostomy to the skin surface, and the ureteral stent is 
exchanged over a long stiff guidewire. Following exchange, 


355 


the nephrostomy tube may be replaced depending on the 


needs of the patient (Fig. j). If there is no nephrostomy 
tube present and the urethra is unable to be catheterized, a 
stent may be retrieved via a new PCN or suprapubic cystos- 
tomy (Fig. ). 

If a covering nephrostomy is dislodged, it may dislodge 
the indwelling ureteral stent as well if the two loops are inter- 
twined. Similar to exchange, replacement of the double J 
ureteral stent and covering nephrostomy or dislodged percu- 
taneous nephroureteral catheter may require sedation. The 
ability to replace a dislodged ileal conduit ureteral stent 
depends on its relationship to the ureteroileal anastomosis. If 
access to the ureter is preserved, most are routine guidewire 
exchanges. However, if access to the ureter is lost, the patient 


Fig. 23.5 Antegrade double J ureteral stent placement. (a) Scout fluo- 
roscopic image demonstrates nephrostomy tube access on the left. (b) 
The nephrostomy tube is uncoiled and removed over a wire. (c) A 
5-French angled catheter and hydrophilic wire are advanced to the blad- 
der with contrast opacification. (d) Catheter is exchanged over a stiff 
0.035 guidewire for 8-French stent. The distal part of the stent is 
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advanced to the bladder. (e) Proximal part of the stent is advanced with 
“pusher” and deployed. (f) Confirmation of stent patency with appro- 
priate placement in the renal pelvis and (g) bladder. (h) Proximal part of 
stent visualized after contrast has passed in an antegrade fashion. 
Chronic double J ureteral stents are generally exchanged at regular 
intervals over a guidewire 
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Fig. 23.5 (continued) 


may require PCN as retrograde ureteral access is generally 
difficult and unsuccessful. 


Transplant Kidney Interventions 


The indications for transplant nephrostomy tube and/or ure- 
teral stent placement are largely similar to those for native 
kidneys [20]. Additionally, in rare instances a PCN may be 
required to determine if renal failure is secondary to 
obstruction or rejection [21]. Ischemia during harvest and 
transplant predisposes patients to ureteral anastomotic stric- 
tures and leaks [22]. These cases may necessitate placement 
of a nephrostomy tube and/or ureteral stent. It is important to 
know the location of the transplanted kidney prior to attempt- 
ing access. Although placement is primarily within the pel- 
vis, the laterality and configuration of the transplant are 
variable. Preliminary sonography, CT, or MRI is valuable to 
locate the transplanted kidney, to assess its configuration, to 
assess the degree of hydronephrosis, and to identify any 
interposed structures [23]. 


Access to the transplant kidney, placement of nephroure- 
teral tubes, and antegrade double J ureteral stents are per- 
formed using techniques previously described. However, due 
to the length of the transplanted ureter, pediatric nephroure- 
teral tubes (Fig. 23.8) and double J ureteral stents are usually 
preferred (Fig. 23.9). 


Antegrade Placement of Ureteral Stents via 
an Ileal Conduit 


Following radical cystectomy for treatment of bladder carci- 
noma, an ileal conduit is often created. This is a loop of small 
bowel that is transposed, on its mesentery, to the abdominal 
wall. On one end, there is an incompetent ostomy and the 
other end, a blind pouch. The ureters are anastomosed to this 
loop of bowel and urine drains to an ostomy bag. As the rate 
of anastomotic stricture is approximately 2-10%, some sur- 
geons elect to place ureteral stents at the time of surgery. 
However, most do not [24]. Patients with ureteral ileal anas- 
tomotic stricture present similarly to patients with chronic 


Fig. 23.6 Antegrade ureteral stent retrieval and exchange to nephro- 
ureteral stent. (a) Indwelling nephrostomy tube was removed over 
0.035-inch stiff wire. (b) Wire is advanced so that it is well within the 
renal collecting system. (c) A vascular sheath, snare catheter, and 
“safety wire” are placed in an effort to capture the stent while maintain- 
ing percutaneous access. (d) The stent is captured and removed to the 
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skin surface. (e) Wire is placed through the captured stent and advanced 
to the bladder. (f) The stent is replaced with nephroureteral tube. The 
same procedure was performed on the opposite side. (g, h) 
Demonstration of configuration of bilateral tubes before (g) and after 
(h) exchange 
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Fig. 23.6 (continued) 


ureteral strictures from other causes and are managed 
similarly. 

Initially, most patients are drained externally via a neph- 
rostomy. However, like the majority of patients with neph- 
rostomy tubes, the goal is internal drainage. Initially, the 
technique for stent placement is similar to antegrade double 
J ureteral stent or nephroureteral tube placement. Once entry 
into the ileal conduit has been confirmed, a double J ureteral 
stent may be placed with the distal loop within the conduit 
and proximal loop within the renal collecting system. This 
configuration is only used in the short term as the presence of 
mucous from the conduit usually causes stent obstruction 
within 2-3 months. Also, in this configuration, the distal 
stent is not within the ostomy bag, which decreases the like- 
lihood of inadvertent dislodgment with ostomy bag manipu- 
lation. However, it increases the complexity of retrograde 
stent exchange as the distal end must be captured within the 
conduit. 

We prefer to place a locking loop catheter extending from 
the renal pelvis to the urostomy. As with other ureteral stent 
placements, a catheter and wire are passed down the ureter 
and through the ureteral stricture. Once in the ileal conduit, 
the catheter and wire are advanced through the urostomy to 
the skin surface. At this time a second safety wire may be 
placed through the nephrostomy into the collecting system. 
A long stiff wire is placed through the catheter extending 
from the nephrostomy to the urostomy. A long locking pig- 
tail catheter is placed retrograde, over the wire, extending 
from the urostomy to the renal pelvis. At the same time, a 
second locking pigtail catheter is placed over the same wire 
antegrade to the renal pelvis. Removal of the wire from the 
retrograde catheter facilitates formation of both locking 
loops within the renal pelvis. The nephrostomy tube is left to 
external drainage with the hub of the ureteral catheter left to 
drain within the urostomy bag (Fig. 23.10). In this way, the 
stent lumen is not exposed to the mucous produced within 
the conduit. 


Ureteral stent exchange via an ileal conduit is usually per- 
formed in a supine, awake patient. In cases where a double J 
ureteral stent has been placed, the distal loop is secured as 
described above, and the stent is exchanged over a stiff 
guidewire (Fig. 23.11). In cases where a locking loop cathe- 
ter is present, exchange is analogous to nephrostomy tube 
exchange (Fig. 23.12). Care should be taken to prevent pro- 
lapse of the catheter and wire through the ileal ureteral anas- 
tomosis into the conduit. If access to the ureter is lost, 
catheterization of the anastomosis is extremely difficult. The 
ureteral anastomosis may be identified upon contrast opacifi- 
cation of the ileal conduit or via cystoscopy [25]. Most times, 
loss of access requires percutaneous nephrostomy. 


Ureteral Stricture Treatment 


A ureteral stricture is a narrowing of the ureteral lumen caus- 
ing a functional obstruction. Strictures may be classified by 
benign or malignant, extrinsic or intrinsic. Extrinsic malig- 
nant compression of the distal ureter is usually secondary to 
pelvic malignancies arising from the prostate, colon, cervix, 
uterus, and bladder. Extrinsic malignant compression of the 
proximal to mid ureter is usually secondary to retroperito- 
neal lymphadenopathy. Extrinsic benign compression can be 
secondary to idiopathic retroperitoneal fibrosis, fibroid 
uterus, or gravid uterus [26]. Malignant intrinsic ureteral 
obstructions are most commonly caused by transitional cell 
carcinoma. Benign intrinsic ureteral strictures are either con- 
genital or acquired. The most common site of benign intrin- 
sic ureteral obstruction is the UPJ. Most commonly, strictures 
result from stone impaction and the techniques used for their 
removal. However, benign strictures can also result from 
injuries sustained during surgery or radiation therapy or at an 
anastomosis [27]. 

Traditionally, ureteral strictures have been treated with 
open surgery. However, the morbidity and difficulty of such 
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Fig. 23.7 Retrograde capture of indwelling ureteral stent. (a) 
Catheterization of the urethra with Kumpe catheter and Bentson guide- 
wire. Post cannulation of the urinary bladder. A 9-French vascular 
sheath is placed over the Bentson wire. (b) Nitinol snare has captured 
the distal portion of the double J stent. The stent is about to be partially 
removed to allow for exchange over wire. Once the bladder is cannu- 


lated, approximately 60 cc of very dilute contrast is administerd to dis- 
tend the bladder. (c) Extracted double J stent to be exchanged. (d) Wire 
placed through indwelling stent which was removed and exchanged for 
MPA catheter. (e) Contrast injection confirms proximal landing zone of 
the left renal pelvis. (f, g) New double J ureteral stent (8 Fr x 22 cm) 
positioning confirmed using fluoroscopy 
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Fig. 23.7 (continued) 


procedures drove the need for minimally invasive therapies. 
Endourologic therapies were developed using catheter and 
wire techniques borrowed largely from endovascular tech- 
niques. Currently, ureteral strictures are usually initially 
treated endourologically. Often, placement of a chronic 
large-diameter (8 French or greater) ureteral stent is all that 
is necessary to remodel a ureteral stricture. However, in 
cases where the stricture is high grade and resistant, balloon 
dilation may be utilized [27]. After a stricture has been 
crossed, a high-pressure balloon, as frequently used in dialy- 
sis access, is centered upon the stricture over a stiff guide- 
wire. Successive or prolonged dilations can be performed 
followed by the placement of a ureteral stent [28]. Short seg- 
ment (<2 cm) nonischemic benign strictures have the highest 
likelihood of long-term success with balloon dilation alone 
and are emerging as viable alternative to surgical repair in 
select patient groups [29, 30]. 


Ureteral Embolization 
Ureteral embolization is a minimally invasive technique to 


achieve permanent urinary diversion. The most common 
indication is for treatment of lower urinary tract fistulas. 
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Although infrequent, the most common cause is post- 
hysterectomy. However, they may result from trauma, malig- 
nancy, radiation, inflammation, or infection. Surgical repair 
is often difficult and most resolve following urinary diver- 
sion with bilateral nephrostomy tubes and placement of a 
Foley catheter. On rare occasions, when diversion does not 
allow the fistula to close, embolization may be considered. 
As in the treatment of urinary strictures, endovascular tech- 
niques are utilized. Various agents such as coils, gelfoam, 
vascular plugs, and N-butyl cyanoacrylate glue can be used 
singularly or in combination to occlude the ureter with suc- 
cess rates approaching 100% [4, 31]. 


Urinoma Drainage 


Urinomas are urine-filled fluid collections. They are most 
commonly found in the retroperitoneum in the perinephric 
space. However, the location may be variable in the postop- 
erative and renal transplant patient (Fig. 23.13). Common 
causes are primarily due to obstruction, but also include 
trauma, surgery, or urinary tract instrumentation. Urinomas 
appear as simple or complex cystic masses on ultrasound. On 
cross-sectional imaging, the fluid appears simple and low 


Fig. 23.8 Primary percutaneous nephrostomy placement in a patient 
with known polycystic kidney disease and a right lower quadrant renal 
transplant. (a) Needle access of the transplant collecting system is dem- 
onstrated in a lateral calyx. (b) Placement of guidewire into the proxi- 
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mal right transplant collecting system/ureter. (c) Patency of the 
transplant collecting system is demonstrated to the bladder. (d) 
Formation of distal end of 8.5-French nephrostomy catheter in right 
lower quadrant transplant renal collecting system 
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Fig. 23.9 Double J stent placement in a transplant kidney via nephros- 
tomy tube. (a) Nephrostomy tube is noted of right lower quadrant trans- 
plant kidney in the same patient as Fig. 23.11. (b) Contrast opacification 
of the transplant renal collecting system is demonstrated. (c) 
Nephrostomy tube is removed over the wire. The wire and an angled 
catheter are advanced into the proximal ureter. (d) Contrast opacifica- 
tion through the catheter demonstrates patency of the collecting system 


to the urinary bladder. Inset demonstrates advancement of stent catheter 
and wire into the urinary bladder. (e) Stent catheter is pushed until the 
proximal and distal ends are located in the renal collecting system and 
bladder, respectively. (f) Deployment of the proximal end of the double 
J ureteral stent is demonstrated along with replacement of nephrostomy 
catheter 
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Fig. 23.9 (continued) 


density, similar to the urine within the bladder. Differential 
diagnosis includes abscess, seroma, lymphocele, or liquefied 
hematoma. Occasionally, there is contrast extravasation into 
the urinoma during intravenous urogram. Small urinomas 
typically resolve over time. However, if the urinoma is large, 
persistent, or symptomatic, drainage should be considered. 

Urinoma drainage is approached in a similar fashion to 
drainage of any symptomatic abdominal or pelvic fluid col- 
lection (see Fig. ). Patient positioning is dependent on 
accessibility. Imaging guidance modalities include conven- 
tional CT, cone beam CT, fluoroscopy, transcutaneous ultra- 
sound, endorectal ultrasound, and endovaginal ultrasound as 
acceptable options. The chosen modality depends on the 
location of the fluid collection, local resources, and prac- 
tices. Following access to the fluid collection, a fluid sample 
is submitted for culture, creatinine, triglycerides, and possi- 
bly cell count. Although the appearance of the fluid is usually 
an indicator of its origin, the results obtained can help to 
narrow down its origin and to guide treatment. Following 
drainage catheter placement and evacuation of the cavity 
contents, injection of contrast material may be performed to 
evaluate the morphology of the fluid cavity, to confirm opti- 
mal drainage catheter placement, to demonstrate loculations 
or daughter collections, and to identify communication to the 
urinary tract. Due to the patulous nature of most urinoma 
cavities at initial drainage, demonstrating fistulas to the uri- 
nary tract at initial presentation is infrequent. Furthermore, if 
there is suspicion for infection or the patient is symptomatic, 
injection is not performed as pressurization of the cavity may 
result in bacteremia or sepsis. 

Urinoma drainage may be combined with nephrostomy 
and bladder drainage to divert the urine stream to promote 


N 


healing (Fig. ). Follow-up evaluation is based on clini- 
cal status and may include CT scans and drainage catheter 
evaluation under fluoroscopy. If there is adequate drainage 
and source control, the urinoma cavity will shrink over time. 
Contrast injection of the drainage catheter under fluoroscopy 
will usually demonstrate the urinary tract fistula after the uri- 
noma cavity has contracted. The clinical endpoint is com- 
plete collapse with contraction of the urinoma cavity and 
closure of the fistula to the urinary tract. With continued 
diversion of the urine stream, most fistula tracts will usually 
eventually heal. 


Renal and Perinephric Abscess 


Renal and perinephric abscesses are a rare occurrence; how- 
ever, they carry a significant mortality if not identified and 
treated appropriately. Most patients present with vague 
symptomatology, which leads to initial delay in diagnosis if 
suspicion is low, and likely contributes to mortality rate [32]. 
CT and ultrasound can be used to make the diagnosis 
while simultaneously aiding with interventional planning. 
Imaging is required to differentiate between perinephric 
abscess and renal abscess, the latter involving renal paren- 
chyma or the subscapular space (Fig. ). Perinephric 
abscess can grow and eventually violate the renal capsule, 
resulting in a renal abscess if left untreated (Fig. 23.16). 
Hematogenous spread and local spread of infection from 
adjacent organs have been identified as etiologies for both renal 
and perinephric abscesses, while ascending infections typically 
only cause renal abscesses. Other factors include previous renal 
infection, previous injury secondary to renal stone or prior inter- 
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Fig. 23.10 Percutaneous access and ureteral stent placement via ileal 
conduit for treatment of ureteroileal stricture. (a) Ultrasound-guided 
access is confirmed with fluoroscopy. (b) Contrast opacification is 
noted to the distal ureter. (c) Angled catheter and guidewire are 
advanced to ureteroileal stricture. (d) Catheter and wire are passed 
through stricture into ileal conduit. (e) Contrast opacification of the 


ileal conduit. (f) A stiff 0.035-inch wire is advanced through the cathe- 
ter via “flossing” maneuver. The wire extends from nephrostomy to the 
urostomy. (g) Retrograde passage of 8.5-French x 45-cm drainage cath- 
eter from the urostomy to the renal pelvis is demonstrated. (h) 
Retrograde injection of contrast confirms placement. (i) Final position 
of “upside down” ureteral stent 
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Fig. 23.10 (continued) 
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Fig. 23.11 Exchange of double J stent via ileal conduit. (a) Indwelling of the urostomy. (c) Exchange over a guidewire for 7-French x 30-cm 
double J ureteral stent extends from the renal pelvis to the proximal variable length stent 
ileal conduit. (b) Manual capture of distal loop by digital manipulation 
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Fig. 23.12 Exchange of “upside down” pigtail ureteral stents via the renal pelvis. (c) Exchange of catheter is performed over 0.035-inch 
ileal conduit. (a) Bilateral ureteral stents are in place. Distal pigtails are guidewire. (d) Fresh catheter end is formed after retrograde exchange 
within the renal pelvis and catheter hubs are within the urostomy bag. of ureteral stent via ileal conduit 

(b) Retrograde contrast opacification confirms placement within the 
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Fig. 23.13 Urinoma treatment in a patient with right lower quadrant 
transplant. (a) Coronal and (b) axial images of a CT performed 2 
months after right lower quadrant renal transplant demonstrates a fluid 
collection adjacent to the transplant (arrows) resulting in hydronephro- 
sis. (c) A 12-French locking loop drainage catheter placed into the right 
lower quadrant collection Contrast injected through the drain conforms 
to the geometry seen on CT. The aspirated fluid was clear and yellow. 
Fluid analysis confirmed a urinoma through the presence of elevated 
creatinine. (d)The right lower quadrant transplant was accessed due to 
persistent hydronephrosis despite drainage catheter within the urinoma. 
Antegrade nephrostogram shows persistent urinary leak (arrow). A 
10-French Dawson-Mueller catheter was placed for urinary diversion. 


(e) Days later, due to persistent high output from perinephric drain, 
patient was brought back to IR with intention of placing nephroureteral 
stent. Antegrade nephrostogram through nephrostomy tube demon- 
strated persistent leak (white arrow). (f) After placement of nephroure- 
teral stent (10-French catheter with additional proximal side holes at the 
level of the transplant renal pelvis), (g) the urinary leak has been 
excluded. (h, i) Weeks later, the perinephric drain was injected with 
minimal residual cavity (subsequently removed). Notably, in the 
interim, the indwelling catheter serving as nephroureteral stent was 
exchanged for a true nephroureteral stent with locking loops in the 
transplant renal pelvis and urinary bladder 
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Fig. 23.14 Concomitant use of drainage and diversion in a patient who 
had ureteral injury in the process of anterior approach lumbar spinal 
surgery. (a) Two axial slices from CT urogram protocol demonstrate 
hydronephrotic left kidney with large left perinephric collection consis- 
tent with ureteral injury and obstruction of the left collecting system. 
(b) Fluoroscopic image demonstrates percutaneous access to hydrone- 


vention, anatomic abnormalities, diabetes mellitus, and immu- 
nosuppression [33, 34]. Common urinary pathogens such as E. 
coli, Klebsiella, and Staphylococcus aureus are often found upon 
fluid culture; however, polymicrobial infections do occur. 
Management is usually guided by the size of the abscess. 
Abscesses less than 3 cm in size are typically managed with 
antibiotics alone. Fluid aspiration of smaller abscesses may 


phrotic left kidney after patient already had percutaneous drainage of 
left perinephric collection. Contrast injection shows persistent left mid- 
ureteral leak. (c) Passage of contrast to the distal left ureter is demon- 
strated. (d) Left-sided nephroureteral stent bypasses the site of ureteral 
injury and allows for ureteral healing. Percutaneous drain for urinoma 
remains in place 


be required cases of an unknown causative organism and/or 
to guide antibiotic therapy [35]. 

Needle sampling or intervention can take place using CT 
or ultrasound with fluoroscopy using similar techniques as 
described above. Factors contributing to either method typi- 
cally include location and operator preference, similar as 
previously described in urinoma drainage. 
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Fig. 23.15 Perinephric abscess secondary to MRSA presented as non- 
specific right flank pain and remote history of fever and intravenous 
drug use. (a) Sonography of the kidneys demonstrates a complex col- 
lection adjacent to the right kidney. The renal capsule is clearly visible 
and remains intact. (b) Sonographic evaluation at the time of interven- 


Suprapubic Catheterization 


Suprapubic catheterization is performed to relieve urinary 
retention when transurethral catheterization is contraindi- 
cated, unsuccessful, or in cases requiring long-term catheter- 
ization. Urethral injury, urethral transection, urethral 
obstruction, bladder neck masses, prostate cancer, and 
benign prostatic hypertrophy are all conditions that may pre- 
clude or prevent urethral catheterization [36]. 

The procedure may be performed under sonographic, 
fluoroscopic, CT guidance, cone beam CT, or a combination 
of modalities. The operator should not rely on anatomic 
landmarks alone but should visualize the distended bladder 
prior to proceeding. For most patients, ultrasound is suffi- 


371 


tion again demonstrates a complex collection which was accessed using 
sonography. (c) A pigtail drainage catheter was placed under fluoros- 
copy. (d) Administration of contrast under fluoroscopy confirms no 
communication with the renal parenchyma 


cient to safely guide the procedure. However, in patients who 
have had multiple abdominal surgeries and pelvic masses or 
are morbidly obese, CT may be preferred. The patient is 
placed in the supine position. The pubic area is shaved, if 
necessary, and prepared and draped in a sterile fashion. 
Ideally, the bladder is entered on the midline, approximately 
4-5 cm above the pubic bone. However, pre-procedural 
imaging may dictate an alternate approach. 

We favor a combined ultrasound and fluoroscopic-guided 
approach. Seldinger technique is used to place 8—10-French 
drainage catheter. This combination allows for real-time 
visualization of the needle and catheter and confirms place- 
ment within the bladder. However, operator preference and 
the clinical circumstances may dictate placement of alternate 
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Fig. 23.16 Renal abscess secondary to Citrobacter developing in a 
patient with recent history significant for sepsis secondary to obstruct- 
ing stone with subsequent stone extraction. (a) Axial non-contrast CT 
demonstrates an enlarged right kidney with adjacent fat stranding. A 
small non-obstructing stone is also visualized. (b) Coronal CT per- 


catheter types and diameters (Fig. ). A urine sample is 
typically submitted for culture and drainage is to gravity. 
Post-procedural care and maintenance of suprapubic drain- 
age catheters are similar to nephrostomy catheters. 


Pediatric Considerations 


Most urinary diversion and drainage procedures performed 
in pediatric patients have been adapted from those performed 
on adults. Key differences that must be considered are anes- 
thetic, anatomic, and device sizes. Indications for drainage 


formed with IV contrast demonstrates a complex collection with distor- 
tion of the right kidney. (c) Procedural CT shows patient in left lateral 
decubitus position with needle access into the abscess. A drain was sub- 
sequently placed 


are similar to those in adults. Additional indications include 
congenital ureteropelvic obstruction and severe reflux related 
to neurogenic bladder, posterior urethral valves, trauma, and 
cystic renal disease. Catheter size depends on patient size, 
degree of dilation, and urine viscosity. Diameters ranging 
from 5 to 10 French with standard and Dawson-Mueller pig- 
tail loops are utilized. In experienced hands, complication 
rates are similar for interventions performed in adults. Drain 
management is primarily concerned with preventing inad- 
vertent dislodgment and maintaining patency. PCN is usu- 
ally a short-term solution and is typically used as a bridge 
toward definitive surgical management [37]. 
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Fig 17 Suprapubic catheter exchange. (a) Axial CT image demon- 
strates a bladder with multiple large rounded calculi which prevented 
Foley catheter placement. Suprapubic catheter is also present. (b) Renal 
Lasix scan demonstrates presence of one functional kidney. (c) 


Conclusion 


Urinary drainage and diversion encompass some of the more 
traditional procedures in interventional radiology. A broad 
spectrum of techniques is employed to gain access to the kid- 
ney, ureter, and bladder to achieve diagnostic and therapeutic 
goals. The planning, approach, and execution overlap with 
that of other interventional radiologic disciplines. Traditionally, 


Fluoroscopic image demonstrates a bladder filled with stones and pres- 
ence of suprapubic catheter. (d) Contrast opacification of the bladder 
demonstrates patency of the catheter, which is subsequently exchanged 
over a guidewire (e) 


procedures were performed under fluoroscopy, using land- 
marks for guidance. As technology has evolved, the techniques 
have been refined. Today, operators may use ultrasound, fluo- 
roscopy, CT, cone beam CT alone, or in combination to confi- 
dently access and treat the urinary tract, even in non-distended 
systems. Advances in other areas of interventional radiology 
continue to have application to urinary drainage and diversion, 
expanding diagnostic and therapeutic options. 
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Fig. 23.17 (continued) 
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Introduction 


Asymptomatic small renal masses (<4 cm), the majority of 
which are renal cell carcinoma (65-80%) [1, 2], are being 
identified more frequently with the increasing use of cross- 
sectional imaging [3]. While some would advocate for active 
surveillance of these lesions, most tumors will grow (mean 
0.26 cm/year) on serial imaging [4], and treatment may ulti- 
mately be required. Nephron-sparing surgery, namely, partial 
nephrectomy, has been accepted as the standard of care for 
these lesions given similar intermediate- and long-term 
cancer-specific survival [5, 6] as radical nephrectomy with 
only mildly increased complication rates [7]. While partial 
nephrectomy avoids the morbidity and mortality of chronic 
kidney disease associated with radical nephrectomy [8, 9], 
surgical recovery and quality of life outcomes could be 
improved. Renal tumor ablation, first reported in 1997 [10] 
and since confirmed in multiple cohort studies, has shown 
good oncologic outcomes, low complication rates, and short 
post-procedural recovery times [4]. Ablation provides an 
alternative option to extirpative therapy and has been 
accepted as an alternative treatment modality for small renal 
masses [11] in select patients. In this chapter we aim to 
review the available ablative modalities, including mecha- 
nism of action, treatment principles, techniques, tips and 
tricks, complications, and oncologic outcomes. 


Ablation Considerations 
Indications 
The European Association of Urology (EAU) recommends 


“active surveillance, radiofrequency ablation and cryoab- 
lation to elderly and/or comorbid patients with small renal 
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masses” but classifies this recommendation as “weak” 
[12]. The American Urological Association (AUA) recom- 
mends that thermal ablation be considered as “an alterna- 
tive approach for the management of cTla renal masses 
<3 cm in size,” noting “radiofrequency ablation and cryo- 
ablation are options” (Evidence level C) [13], although 
counselling “regarding an increased likelihood of tumor 
persistence or local recurrence after primary thermal abla- 
tion relative to surgical excision” is also specifically noted 
(Evidence level B). 

Further indications for ablation are based on both tumor- 
and patient-related factors. Solid small renal mass (<3 cm) 
with contrast enhancement (>15 Hounsfield units [HU]) on 
CT or MRI are considered candidates for thermal ablation. 
Posterior or lateral mass position on the kidney is preferred, 
though anteriorly located masses can be ablated using 
hydrodissection in some circumstances. Location of the 
mass at least 5 mm from surrounding structures, including 
the ureteropelvic junction (UPJ)/proximal ureter, collecting 
system, and colon, is necessary. Patients with a solitary kid- 
ney and/or advanced age or comorbidities are optimal can- 
didates, given the ability to preserve functional renal 
parenchyma and fast convalescence after the procedure. 


Contraindications 


There are no absolute contraindications to ablation other 
than uncontrolled coagulopathy. Relative contraindications 
include the inability to tolerate anesthesia or sedation (can 
be done under local anesthesia but difficult to manage res- 
pirations during probe placement), uncorrectable coagu- 
lopathy, hilar tumors (due to proximity to renal pelvis and 
vasculature leading to complications and ineffective abla- 
tion due to the “heat sink effect’), and ablation in T1b 
tumors (requires multiple probe placement with reduced 
rate of successful ablation and increased risk of 
complications). 
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Tumor Characteristics 


Damage to adjacent structures, namely, the liver, spleen, 
bowel, and collecting system, is one of the key consider- 
ations in ablative therapies. Most posterior and lateral masses 
will be naturally distant from these structures and ablated 
percutaneously under image guidance [14]. Another struc- 
ture in proximity is the body wall; if ablated, this can lead to 
postoperative complications, such as pain or neuropathy. 
Hydrodissection [15] with 5% dextrose can be used to 
develop a space for ablation of tumors within 5-10 mm of 
these structures. Saline should be avoided when using radio- 
frequency ablation (RFA) due to transmission of the electric 
current through the ionic-laden media. 

Given the high percentage of cardiac output received by 
the kidneys, vasculature greater than 3 mm in diameter [16] 
in proximity to the ablation zone can act as a “heat sink” and 
remove energy (heat) from the surrounding tissues. This 
reduces the ablative efficacy. Renal hilar clamping has been 
shown to negate this effect and reduce the time to target tem- 
perature, but no difference in ablation zone size was seen 
after 4 weeks [17]. Thus, hilar clamping is not currently rec- 
ommended. Selective arterial embolization has been explored 
as an alternative means of accomplishing this effect [18]. 

Tumor diameter has been shown to be a key predictive 
factor for incomplete ablation and local recurrence in both 
cryoablation [19] and RFA [20, 21]. In a matched-control 
analysis, Caputo et al. identified a worse 1-year LRFS for 
cryoablation as compared to partial nephrectomy for T1b 
tumors [22], though a single-center report did not find this to 
be the case for microwave ablation [23]. In addition, the risk 
of complications increases in tumors greater than 3 cm [24, 
25]. Thus, ablation is considered optimal for tumors less than 
3 cm in diameter. 


Technical 


Multiple technical aspects of ablation equipment should be 
considered to achieve optimal outcomes in patients undergo- 
ing renal ablation. These include but are not limited to the 
nature of the energy being transmitted, types of probes 
offered (e.g., wet vs dry for RFA), length and diameter of 
available probes, number of probes required, and the number 
and deployment length of tines (if applicable). Each of these 
variables can affect the transmission of energy and thus the 
size and shape of the ablation zone. For example, in a por- 
cine liver model, wet probe RFA demonstrated a larger abla- 


R. L. Steinberg and J. A. Cadeddu 


tion zone, as compared to dry, and 12-tinned electrodes 
produced a more spherical ablation zone [26]. 


Modalities 
Cryoablation 


Cryoablation (CA) refers to the concept of the application of 
extreme cold temperatures to destroy tissue. Dr. James 
Arnott, an English physician, first described this modality in 
1850, using a combination of ice and salt to topically palliate 
breast and cervical cancers with variable success [27]. The 
first modern-day probe using pressurized liquid nitrogen was 
developed by Dr. Irving S. Cooper, a neurosurgeon from 
New York. This revolutionary self-contained probe con- 
trolled temperatures of —196 °C and allowed for intra- 
abdominal treatment of large volumes; however, its 
application was limited due to the lack of available intraop- 
erative imaging capable of monitoring the expanding ice 
ball. In the mid-1980s, Onik and colleagues reported the 
application of intraoperative ultrasonography during cryo- 
surgery which addressed its aforementioned shortcomings 
[28, 29]. Newer argon gas-based systems were developed in 
the late 1990s due to the inefficiency of the liquid nitrogen 
system. These probe systems rely on the Joule-Thomson 
principle (low temperatures are achieved by rapid expansion 
of high-pressure, inert gas) to generate temperatures of 
—186 °C within treatment tissues. In addition to being more 
efficient, these systems provide a more reliable target tem- 
perature [30]. Now the majority of commercially available 
CA units employ argon gas-based systems (Visual ICE®, 
Galil Medical/BTG, Arden Hills, MN; CryoCare, CryoCare 
CS®, Endocare, Austin TX; SeedNet, Galil Medical/BTG, 
Arden Hills, MN) (Fig. 24.1). 


Mechanism Tissue injury during CA is multifaceted and 
occurs during both the freezing and thawing cycle [31-33]. 
During rapid freezing, ice crystals form within the intracel- 
lular space in the field closest to the cryoprobe. This leads to 
mechanical trauma of the plasma membranes and organelles, 
inducing ischemia and apoptosis. As adjacent tissues gradu- 
ally freeze further from the probe, the cooling process is 
slower, therefore promoting extracellular ice crystal forma- 
tion. This creates an osmotic gradient resulting in intracel- 
lular fluid depletion, dehydration, and membrane rupture. In 
addition, vascular endothelial injury leads to platelet activa- 
tion, thrombosis, and tissue ischemia. During the thawing 
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Fig. 24.1 Two types of cryoablation needles used with the Visual ICE® Cryoablation System. (a) IceSeed®, (b) IceRod®. (Used with permis- 
sion. © Galil Medical/BTG, Arden Hills, MI, USA) 


phase, ice crystals melt, causing a decrease in extracellular 
osmolarity, intracellular influx of water, cellular edema, and 
further cell membrane disruption [34]. 


Principles of Treatment 


Treatment Temperature and Adequate Ablation Zone Cell 
damage depends on the number of freeze-thaw cycles [35], 
the cooling rate, the lowest temperature achieved, and the 
hold time at subzero temperatures [36, 37]. For normal renal 
parenchyma, cell destruction was originally reported at 
—19.4 °C [38], but more recently, acute cell death has been 
noted in temperatures warmer than —20 °C [39]. However, 
CA of small animal models indicates that temperatures as 
low as —50 °C may be necessary to assure complete cellular 
death of malignant tissue owing to its more fibrous nature 
[36, 38, 40]. Currently, the preferred target tissue tempera- 


ture during CA is —40 °C or below. Moreover, preclinical 
models have demonstrated that the aforementioned threshold 
temperature of —20 °C was obtained 3.1 mm inside the edge 
of the evolving ice ball [38, 41]. Thus, to achieve an adequate 
ablation zone, most authors advocate that CA should be per- 
formed at least 5-10 mm beyond the edge of the target lesion. 
The ablation zone is dependent on the number and type of 
CA needles placed, tissue and tumor characteristics, thermal 
heat sink from surrounding vasculature, and treatment dura- 
tion (Fig. 24.2). 


Probes Probes capable of producing ice balls of various 
sizes and shapes, as well variable probe lengths, are available. 
When multiple probes are utilized, appropriate positioning is 
critical to ensure cryolesion overlap. This is accomplished by 
placing the probes in parallel to one another in a triangular or 
quadratic configuration. Probe tips should be advanced just 
beyond the tip of the deepest tumor margin. 


380 


iceRod* 1.5 


R. L. Steinberg and J. A. Cadeddu 


iceRod* 1.5 CX IceRod* 1.5 PLUS 


re 0mm 
Timm x Sem 
timm s áta 


Height in millimeters 


Fig. 24.2 Guide for cryoablation needle(s) use demonstrating in vitro 
ice ball dimensions for each needle. In vitro studies were performed in 
room temperature gel that underwent two 10-min freeze cycles sepa- 


Freeze-Thaw Cycles The optimal number of cycles remains 
controversial; early studies demonstrated that multiple cycles 
promoted a larger cryolesion and improved cure rates in a 
murine tumor model [42]. Later studies on normal porcine 
renal parenchyma have been conflicting [35, 43]. Thus, to 
ensure complete cellular death, the current recommendation 
is to perform a double freeze-thaw cycle. Apart from the 
number of cycles, experimental data suggest that active 
thawing, with helium gas at 15-20 °C/min, does not differ in 
the degree or reproducibility of tissue destruction compared 
to passive thawing [35]. Moreover, active thawing is clearly 
more efficient therefore reducing procedural time as well as 
allowing the surgeon to more rapidly address posttreatment 
bleeding [44]. 


Duration of treatment: Few data exist regarding the opti- 
mal duration of the freeze cycle. Preclinical studies have 
demonstrated complete cellular necrosis extending 10 mm or 
more beyond the probes with a treatment time of 10-15 min. 
Furthermore, tissue treated for 5 min or less have excessive 
bleeding and greater than 15 min may fracture and have sub- 
sequent hemorrhage [45]. Therefore, most contemporary 
series utilize a freeze cycle of 8—10 min, while the second 
cycle is generally shorter (6-8 min) [46, 47]. 


Radiofrequency Ablation 


Radiofrequency (RF) energy was first described in 1891 by 
d’Arsonval but was not implemented in surgery until 1928 
when Cushing and Bovie developed the electrocautery knife. 
Radiofrequency ablation (RFA) of solid tumors was first 
described in hepatic malignancies in 1993 [48]. Zlotta et al. 
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reported the first treat and resect in vivo RFA of a renal tumor 
in two patients in 1997 [10]. This was followed by a larger 
treat and resect series which confirmed effective cell death 
with ablation in 10 of 11 tumors [49]. Since that time, mul- 
tiple cohort studies have reported good oncologic outcomes, 
low rates of complications, and short recovery times. Initial 
probes for percutaneous RFA developed in the early 1990s 
consisted of a current conducting probed with overlying 
insulation except for an exposed metal tip [50, 51]. With this 
design, the volume of tissue destruction was controlled by 
adjusting the length of the exposed metal tip of the probe. 
Since these original models, development of modern-day 
RFA probes (parallel clusters, multi-tines, umbrella or 
Christmas-tree shaped) and generators have allowed for the 
treatment of larger, more complex lesions. 


Mechanism Radiofrequency ablation (RFA) uses 
radiofrequency-range (450-1200 kHz) electromagnetic radi- 
ation to heat tissue and cause subsequent cellular death. This 
is achieved by application of an alternating current which 
leads to ion realignment due to the alternating nature of the 
current. This primarily affects water and leads to molecular 
vibration, friction, and ultimately heat production. Once a 
certain temperature threshold is superseded in the target tis- 
sue, membrane disruption, protein denaturation, vascular 
thrombosis, and ultimately, coagulative necrosis occur [52, 
53]. Of note, the probe itself is not the source of heat and is 
not heated by the delivered current [16]. 


In assessing the critical temperature to induce cell death, 
an in vitro model demonstrated that maintaining 55 °C for 
30 min, 60 °C for 10 min, and 65 °C for 8 minutes leads to 
>99% cell death [54]. Histologic analysis confirmed mem- 
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brane disruption, protein denaturation, and coagulative necro- 
sis [55], along with cellular edema [53, 56] and loss of nuclear 
detail and non-visualization of nucleoli [49] within hours. 
Near total resorption of ablated tissue was noted by 90 days 
after intervention [53, 56]; however, scars and calcifications 
may persist. Walsh and colleagues demonstrated that the min- 
imum target temperature that is lethal to human RCC in vitro 
is 70 °C [57], although this is the reported temperature at a 
probe tip and at cellular in vivo level is likely more around 60 
C (Arrhenius time temperature relationship). 


Principles of Treatment 


System Types Two types of radiofrequency systems are 
commercially available: temperature- and impedance-based. 
Temperature-based systems monitor tissue temperatures at 
the tip of the electrode via thermocouples and determine 
treatment completion when tissue adjacent to the probe has 
reached a target temperature for a predetermined period of 
time. Conversely, impedance-based systems monitor tissue 
impedance (resistance to energy transmission) at the elec- 
trode tip deliver energy until a predetermined impedance 
level is achieved, indicating complete tissue ablation. Animal 
models have demonstrated similar efficacy with these two 
systems [58], and clinical data do not explicitly support 
superiority of either system. Though, skip lesions within an 
ablation zone have been identified more with impedance- 
based technology [58]. This is likely due to the indirect 
nature of impedance measurement as compared to direct 
temperature assessment. 


Energy Application The volume of ablated tissue directly 
correlates with the amount of RF energy applied to the tis- 
sue. Electrical impedance must remain low in order to create 
an expanding sphere of tissue damage emanating outward 
from the probe. If the amount of RF energy is applied too 
high or current is administered too rapidly, charring can 
occur. This dehydrates the tissue, increases impedance, and 
blocks further energy transfer, thereby arresting the heating 
process [37, 59]. Therefore, impedance-based systems gen- 
erally start at 40-80 W and increase at 10 W/min to a maxi- 
mum of 130-200 W until they reach an impedance of 
200-500Q. With the temperature-based system, this phe- 
nomenon is prevented by keeping target temperatures at or 
below 105 °C. 


Probes The initial single-electrode monopolar probes, as 
previously described, possessed the capacity to treat tumors 
with a maximal diameter of 2 cm [60]. Newer probe tips 
have been developed and allow for ablation of larger volume 
lesions. LeVeen introduced an insulated monopolar probe 
with 12 tines that deploy into an umbrella shape in order to 
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Fig. 24.3 RFA LeVeen needle electrode with deployed multi-tine 
array. (Image courtesy of Boston Scientific, Natick, MA, USA) 


create a spherical treatment zone using an impedance-based 
system (Boston Scientific, Natick, MA, USA) (Fig. 24.3) 
[61]. The tines both deliver RF energy and monitor imped- 
ance which allows current to be redirected to lower imped- 
ance tines if high impedance is encountered. Covidien 
(Medtronic, Minneapolis MN, USA) is another impedance- 
based system consisting of a single 17-gauge “cool tip” elec- 
trode, cooled by circulating chilled normal saline through the 
probe to prevent adjacent tissue charring and expand the 
ablation zone. The Radiofrequency Interstitial Tissue 
Ablation (RITA or RFA) probe (AngioDynamics, Latham, 
NY, USA) has a deployable Christmas tree-shaped, nine 
electrical tine tip with embedded thermistors in five of the 
nine electrical tines. The thermistors both display the indi- 
vidual adjacent tissue temperatures and modulate the deliv- 
ered energy based on the average temperature of all the 
thermistors (Fig. 24.4). RF energy can also be delivered via 
either bipolar or monopolar electrodes. Traditional monopo- 
lar devices work based on electrical transmission through the 
exposed probe tip dissipating through a grounding pad on the 
skin of the patient. Bipolar devices generate current between 
two electrodes (one active and one negative). The theoretical 
advantages of bipolar devices are induction of higher tem- 
peratures and a larger focus of coagulation necrosis [62]. 
However, rather than a spherical treatment zone, an elliptical 
area is produced. Considering most renal tumors are spheri- 
cal, bipolar devices have not been widely adapted. 


Finally, RF energy can be applied using needles posi- 
tioned directly into the lesion alone (dry RFA) or along with 
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Fig. 24.4 14-gauge StarBurst® XL RFA probe. (Image courtesy of 
AngioDynamics, Latham, NY, USA) 


the constant infusion of an ionic solution (e.g., saline) into 
the tissue adjacent to the probe (wet RFA). Addition of these 
ionic solutions helps mitigate the charring effect (carboniza- 
tion) and acts as an energy conductor, allowing for a larger 
ablation zone [63-66]. Early dry RFA systems, although 
highly successful in treating small lesions, encountered 
issues with tissue impedance and, therefore, lacked efficacy 
in treating lesions larger than 4 cm. While wet RFA does 
allow for a larger treatment zone, control over the exact size 
of ablation zone is reduced [67] and can lead to overtreat- 
ment/destruction of adjacent normal parenchyma. 


Microwave 


Microwave ablation was first described in the late 1990s in 
Japan for use in hepatic malignancies [68, 69]. Since that 
time, it has since gained popularity and been used in other 
malignancies, including colorectal, lung, and kidney. 
Microwave ablation offers theoretical advantages over RFA 
including larger ablation volumes [70], faster ablation times 
[71], and higher intratumoral temperatures [72]. Microwave 
energy can be applied faster than RF, leading to the reduced 
ablation time, yet is less susceptible to tissue charring [73]. 
In addition, microwave ablation is less susceptible to the 
“heat sink” effect as is RFA. 


Mechanism Similar to RFA, microwave ablation uses elec- 
tromagnetic radiation but within the microwave spectrum 
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(3 MHz — 3 GHz) to heat tissue and produce cellular death 
[74]. The most common frequencies utilized are 915 MHz and 
2.45 GHz. The mechanism of cellular death is similar to RFA. 


Principles of Treatment 


Systems There are a multitude of commercially available 
systems including Emprint (Medtronic, Minneapolis, MN, 
USA), Solero (AngioDynamics, Latham, NY, USA), 
AveCure (MedWaves, San Diego, CA, USA), and NeuWave 
(Ethicon, Somerville, NJ, USA). All systems include a 
microwave generator and probe cooling system using com- 
pressed gas or liquid (e.g., saline). Active cooling of the 
probe shaft during ablation minimizes possible adjacent tis- 
sue injury from heating of the probe shaft [75]. Microwave 
energy is applied in a bipolar fashion, thus no grounding pad 
is required. 


Probes Knowledge of the probe specifications is key to an 
effective and precise microwave ablation. In all probes, the 
microwave antennae are located along the shaft of the probe, 
not at the tip, and do not require deployment as in RFA 
(Fig. 24.5). The distance between the tip and the antenna 
varies both by manufacturer, as well as probe length options. 
The decision of tip length is important as this will affect the 
ablation size. For small ablations (<3 cm), the ablation zone 
for some probes may not reach the tip of the probe. 


Ablation zone size and shape is dependent on the probe 
tip length (emitting zone location/size), number of probes, 
energy applied (power), and ablation time. With a single 
probe, the ablation zone for microwave ablation has been 
shown to be larger as compared to RFA [76]. Further, abla- 
tion zones tend to be more cylindrical/egg shaped than round 
with microwave systems. The necessary power and ablation 
time to achieve a desired sized ablation are specified by the 
manufacturer based upon ex vivo tissue studies and are sys- 
tem specific. Probes can be utilized either individually or in 
an array, depending on the system. Multiple probes can pro- 
vide overlapping ablation treatment zones to magnify the 
heating effects and obtain a larger ablation zone. 

Finally, most probes emit energy both distal and proximal 
from the energy-emitting point. The Neu Wave PR probe uti- 
lizes a different antenna pattern in its probe which minimizes 
the ablation zone distal to the tip and transmits the energy 
from distal to proximal. This may theoretically provide an 
advantage in select clinical scenarios. In addition, the 
NeuWave system (for all probes) utilizes carbon dioxide for 
shaft cooling, and the probes have been engineered to create 
a nonlethal ice ball proximal to the energy-emitting zone, 
securing the probe to adjacent tissues and preventing probe 
migration during ablation (“stick mode”). 
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Fig. 24.5 17-gauge NeuWave™ PR microwave ablation probe 
(Ethicon, Somerville, NJ, USA) with energy-emitting zone seen in 
green 


Irreversible Electroporation 


Reversible electroporation has been utilized in basic science 
as a means of gene transfection, drug delivery, and cell fusion 
since the 1980s. Irreversible electroporation (IRE) was solely 
an undesirable byproduct of these lab techniques until it was 
explored as a means of cell death in hepatocellular carci- 
noma cell suspension in 2005 [77]. Follow-up studies of nor- 
mal rat liver [78], porcine liver [79], and porcine kidney [80, 
81], as well as in cancer-implanted mice [82], demonstrated 
good ablative effects to the parenchyma with maintained 
extracellular architecture and no compromise to the adjacent 
vasculature or biliary/collecting system. IRE has been avail- 
able commercially in the US market since 2007 and is cleared 
for soft tissue ablation without designation for a specific dis- 
ease or condition. It has been used in a limited fashion for 
pancreatic carcinoma and liver tumors in the porta hepatis. 


Mechanism Unlike the other modalities previously pre- 
sented, this is the only predominantly nonthermal ablative 
technology. In electroporation, electric current, typically 
30-40 amperes (A), is passed between multiple probes 
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placed across the target tissue. The resulting high voltages 
lead to the creation of cell membrane pores and subsequent 
cell death without tissue heating [77]. A theoretical advan- 
tage of IRE is that it may be less affected by the “heat sink” 
effect. 


Principles of Treatment 


System The only commercially available system in the USA 
is the NanoKnife System (AngioDynamics, Latham, NY, 
USA). This includes a generator, foot switch, and electrocar- 
diogram (EKG) synchronization device. As this technology 
utilizes electrical current for tissue destruction, IRE must be 
synchronized with the patient’s EKG to avoid delivery of an 
electrical current during the T-wave (repolarization), as this 
may produce ventricular fibrillation. 


Probes As with other modalities, probes are available in 
various lengths. Each probe has a sheath below which is the 
conducting trocar tip. The exposure length (amount of con- 
ducting trocar tip exposed) can be adjusted from 0 to 4 cm in 
0.5 cm increments (Fig. 24.6). Typically, a 1.5 cm exposure 
is utilized to maximize current density [83]. Probe placement 
is critical to the success of IRE as only the tissues bracketed 
by the exposed portion of the probe will undergo ablation. 
Thus, probes need to be placed parallel to one another and 
inserted until the tip of each probe is in the same plane at the 
deepest margin of desired tissue destruction. The number of 
probes required is dependent on the size of the desired abla- 
tion zone. Typically, three probes are placed for masses with 
a diameter less than 1.5 cm and four probes for 1.5-2.5 cm 
masses. Larger ablations (2.5-4 cm) can be performed but 
required probe repositioning, often into the center of the 
tumor. 


Energy Delivery After probe placement, a ten-pulse “trial” 
is performed. Based upon the sensed current, the applied 
voltage can be adjusted to achieve delivery of 30-40 
A. Applied voltages for ablation are pulsed for 100 ms at 
1 Hz, and 70 pulses are applied between each pair of probes. 


Fig. 24.6 19-gauge NanoKnife irreversible electroporation probe with 
2 cm of conducting trocar tip exposed by overlying adjustable sheath. 
(Image courtesy of AngioDynamics, Latham, NY, USA) 
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After ablation completion, the polarity of the probe is then 
reversed, and a second ablation cycle is completed. Of note, 
with the application of current, there can be significant mus- 
cle contraction, particularly with a percutaneous approach. 
Thus, use of paralytics and securing the probes to the skin in 
some fashion (the authors prefer adhesive paper strips) to 
prevent probe migration are critical. 


Techniques and Approaches 
Percutaneous 


Percutaneous tumor ablation can be performed under local 
anesthesia, conscious sedation with local anesthesia, or gen- 
eral endotracheal anesthesia. Currently, the majority of per- 
cutaneous ablations are performed with sedation by 
anesthesia. General endotracheal anesthesia is generally 
reserved for patients that cannot tolerate the positioning. 
Regardless, it is usually performed on an outpatient basis or 
24-h observation. Depending on physicians’ preference, 
ablation is performed under ultrasound, CT, or MR guidance 
[84, 85]. Most investigators use CT guidance with or without 
ultrasound guidance alongside, allowing for precise elec- 
trode placement; therefore, the remaining technical descrip- 
tion will focus on CT-guided ablation. Ultrasound can be 
used alongside of CT to augment accuracy. 

Following intravenous administration of prophylactic 
antibiotics, the patient is positioned in either a modified 
flank, supine, or prone position depending on the tumor loca- 
tion. A non-contrast CT is obtained to confirm tumor size 
and position. An optional contrast-enhanced CT may be 
obtained to delineate the tumor (particularly the deep mar- 
gin) and assist with guidance in cases where no other land- 
marks are available. With the help of a radiopaque grid 
placed on the patient’s skin over the anticipated probe site(s), 
a 20-gauge “finder needle” is often inserted under CT guid- 
ance near the location of the tumor. Position is confirmed 
with repeat imaging. Using the finder needle as a guide, the 
ablation probe(s) is(are) then positioned for treatment. The 
number of probes and treatment duration are determined 
based on size of the lesion and manufacturer’s recommenda- 
tions depending on the ablation modality selected. Placement 
of the probes/tines is confirmed by serial imaging. In cases 
where general anesthesia is utilized, adjustments of probe 
and biopsy needle placement can be performed with end 
expiratory breath holding in order to standardize the position 
of the kidney given the possibility of organ mobility. In addi- 
tion, this position provides maximal diaphragm elevation 
and may limit the potential for placement of a probe through 
the thoracic cavity. 
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A histologic diagnosis is important in providing unifor- 
mity of treatment and improving outcome-based data. The 
American Urological Association Guidelines Panels con- 
cerning small renal mass and follow-up for clinically local- 
ized renal neoplasms recommends that biopsy be performed 
at or prior to time of ablation [13, 86]. If tumor biopsy has 
not been performed, an 18-gauge core biopsy needle can be 
placed parallel to treatment probes to obtain tissue. 
Specimens obtained can be sent for permanent section prior 
to ablation. It is important for treatment probes to be placed 
prior to the biopsy as the development of a perirenal hema- 
toma after biopsy may interfere with proper visualization of 
the lesion. 

During cryoablation, real-time imaging can be performed 
to monitor efficacy. Although low temperatures of —140 to 
—190 °C are reached at the cryoprobe tips, there exists a 
steep temperature gradient which falls to 0 °C at the ice ball 
edge. This ice edge-normal tissue interface can be identified 
with CT or US. As previously stated, the ice ball should 
evolve 5-10 mm beyond the tumor margin to ensure com- 
plete treatment (Fig. 24.7). After the second thaw cycle is 
completed, the probe is gently twisted, and if no resistance 
exists, itis gently removed. 

In RFA, tissue temperature or impedance is measured 
using either single multi-tined probes (with incorporated 
thermistors) or multiple single-shaft probes rather than real- 
time imaging (unless MR thermometry with an MR compat- 
ible system is used). The authors utilize a 14-gauge 
StarBurst® XL (AngioDynamics, Latham, NY, USA) RFA 
probe that is deployed and adjusted to ensure complete cov- 
erage of the lesion with at least 5 mm margin. This is achieved 
by serial 3 mm cut non-contrast CT scans. For tine deploy- 
ments of <2, 2-3, and 3—4 cm, the ablation cycles are timed 
at 5, 7, and 8 minutes, respectively, once the target tempera- 
ture of 105 °C is reached. After a 30 second cooldown, a sec- 
ond cycle of similar duration is performed. During both 
cooldown cycles, the passive tissue temperature in each 
quadrant must be greater than 70 °C, confirming absence of 
a large heat sink. 

In microwave ablation, some systems have a built-in mon- 
itor for ablation efficiency (e.g., Solero), but not all systems 
have real-time temperature evaluation. Similarly, real-time 
feedback regarding tissue impedance changes is not avail- 
able for IRE, though post-ablation cycle impedance feed- 
back can be viewed. A reduction in the tissue impedance 
(with associated rising current) during the cycle suggests 
successful tumor destruction [83]. 

Ultrasonography can be used for surveillance of lesions 
during ablation in all modalities. A hypoechoic lesion is 
characteristic of cyroablated lesions and can easily be moni- 
tored, while other thermal modalities demonstrate hyper- 
echoic lesions which are more difficult to monitor [55]. 
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Fig. 24.7 Laparoscopic cryoablation of right renal mass demonstrating progressive ice ball formation 


Additional ultrasonic techniques including contrast enhance- 
ment [87] and elastography [88] have been explored for live 
surveillance of tissue destruction, but none are routinely 
utilized. 

After ablation is completed, a contrast-enhanced CT is 
repeated to evaluate the completeness of ablation and to 
assess for complications (Fig. 24.8), though in cryoablation, 
the ice ball will obscure the true ablation zone and the treat- 
ment zone will be overestimated. Once no complications are 
confirmed, patients are typically discharged to home on the 
same day, while those with comorbidities or complications 
are typically admitted overnight. 

Per AUA guidelines, follow-up imaging of either a 
contrast-enhanced CT or MRI should be performed at 3 and 
6 months after ablation, followed by annual imaging for 
5 years [44]. Thus, given the above, technical treatment suc- 
cess is not truly evaluated until the first follow-up scan and 
even later in some cases. 


Laparoscopic 


Laparoscopic ablation may be delivered using either a retro- 
peritoneal or transperitoneal approach, depending on the 
tumor location. Mobilization of the kidney is often per- 
formed using a three-port technique. Gerota’s fascia is 
opened in a fashion similar to that employed for a minimally 
invasive partial nephrectomy. The fat overlying the lesion 
can be excised, placed in a specimen bag, and sent later for 
pathologic analysis. Placement of ablative probes can be per- 
formed percutaneously, leaving the ports free for instrumen- 
tation (Fig. 24.9). Probe placement and probe depth are 
confirmed by direct visualization and intraoperative ultraso- 
nography, respectively. 

Laparoscopic ablation has shown a higher rate of significant 
complications, as compared to the percutaneous image-guided 
approach, and no difference in treatment efficacy [89, 90]. This 
has led to a recommendation by the AUA for a percutaneous 
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Fig. 24.9 (a) Laparoscopic cryoablation setup with a camera port, two working ports, and percutaneous probe insertion; (b) percutaneous deploy- 


ment of the probes in a triangular configuration 


approach when feasible [13]. Given the above, laparoscopic 
ablation is no longer routinely performed. 


Tips and Tricks 


Appropriate patient selection, preoperative planning, and 
good surgical technique are keys to a successful ablation. In 
order to determine whether a tumor should be managed lapa- 
roscopically or percutaneously, cross-sectional imaging is 
imperative. When there is concern regarding adjacent organs, 
further imaging may be obtained in different positions in 


order to plan the most appropriate probe placement (e.g., in 
the prone position). Laparoscopic ablation or extirpative 
therapy should be considered in patients with anterior tumors 
or when a suitable access tract on imaging is not possible. 
Alternatively, intra-procedural hydrodissection, pneumo- 
dissection, or balloon dissection to displace adjacent organs 
can also be performed. In patients with tumors near the col- 
lecting system, IRE may have a theoretical advantage over 
other modalities, but long-term data are lacking. The ideal 
renal masses for percutaneous ablation are posterior tumors, 
located >0.5 cm from the ureteropelvic junction or collecting 
system and >1 cm from the surrounding bowel. 
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Oncologic Outcomes 


In considering ablation success and oncologic outcomes, iden- 
tifying what constitutes a failure must first be considered. 
After successful cryoablation, the treated mass will not dem- 
onstrate enhancement and will involute over time. Conversely, 
RFA-treated masses will exhibit a characteristic fibrotic halo 
around the treatment zone and may not routinely involute [91]. 
This residual circular region represents a foreign body giant 
cell fibrotic response to therapy [92]. This should not be mis- 
interpreted as recurrent disease. Microwave ablation has 
shown significant tissue contraction [93, 94] and subsequent 
tumor involution in hepatic tumors [95], though specific 
reports in renal tumors have been published. Finally, as previ- 
ously stated, IRE ablations maintain the extracellular architec- 
ture of the ablated zone. As such, involution may not occur 
with IRE [96]. In general, the most important factors for deter- 
mining success are lack of mass growth within the ablation 
zone lesion and lack of contrast enhancement [89, 97, 98]. 

Multiple retrospective studies comprise the majority of the 
data regarding ablation efficacy. More established modalities 
(cryoablation, RFA) have now reached sufficient maturity to 
assess long-term success, while newer modalities (microwave, 
IRE) possess only short- to intermediate-term results. 


Local Recurrence-Free Survival (LRFS) 


For the more established modalities, cryoablation has dem- 
onstrated a 10-year disease-free survival (DFS) of 78-95%, 
depending on the series, while RFA has shown 82-94% 
(Table 24.1) [19, 99-103]. Several meta-analyses have 
assessed the risk of local tumor recurrence following CA and 
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RFA and identified an ~90% LRFS [11, 104, 105]. This is 
significantly worse as compared to extirpative intervention 
[11, 22, 105]. A more recent AHRQ meta-analysis demon- 
strated that when taking into account a salvage ablation after 
initial treatment (which carries a low morbidity), the risk 
ratio for local recurrence was not statistically different to 
partial nephrectomy [106]. Further, Chang et al. demon- 
strated no difference in LRFS or any other survival analysis 
in a propensity-score matched analysis of RFA and partial 
nephrectomy [107]. In comparing these modalities to one 
another, multiple meta-analyses have found no difference 
between cryoablation and RFA [104, 108]. 

Microwave ablation has similarly shown a short to 
medium DFS on 88-95% in several series [109-111]. A 
recent meta-analysis reported a 2.1% local-recurrence rate, 
but this included multiple studies with less than | year of 
follow-up [112]. Small comparative series has not shown a 
difference in microwave ablation as compared to RFA [23] 
and cryoablation [113, 114]. 

IRE has shown variable success of 70-100% in multiple 
small series [115-117]. The largest series by Canvasser et al. 
reported a 2 year 83% LRFS, which is inferior as compared 
to other ablation modalities [118]. Wendler et al. performed 
an ablate and resect study in 7 patients to assess the com- 
pleteness of ablation and identified 3/7 patients with micro- 
scopic residual disease [119]. No comparative analyses have 
been performed between IRE and other ablative modalities. 


Metastatic Recurrence-Free Survival (MRFS) 


Metastasis-free survival and cancer-specific survival 
exceed 90% in nearly all reported series for cryoablation 


Table 24.1 Intermediate- and long-term outcomes of cryoablation for RCC 


No. patients Follow-up Tumor 

Author, year (No. tumors) (y) size (cm) Technique 

Aron et al. 80 (88) Median8 Mean2.3 80 

(2010) [99] Laparoscopic 

Tanagho et al. 267 (—) Mean 3.25 Mean2.5 121 

(2013) [19] Percutaneous, 
146 
Laparoscopic 

Johnson et al. 92 (112)  Mean8.2 Mean2.3 92 

(2014) [102] Laparoscopic 

Caputo et al. 138 (142) Mean 8.2 Mean2.4 138 

(2015) [101] Laparoscopic 

Larcher et al. 174 (174) Median Mean 174 

(2015) [103] 4.0 2.14 Laparoscopic 

Breen et al. 220 (221) Median Mean 3.3 220 

(2018) [100] 2.6 Percutaneous 


Pre-biopsy- 
proven RCC LRFS MRFS DFS CSS OS 
no. (%) (%) (%) (%) (%) (%) 
55 (69) - - 10 year 10year 10 year 
78° 83° pill 
80 (30) - - Syear 5 year 5 year 
83° 96" UF 
70 (76) = 10 year — 10 year 10 year 
86.5" 98" ile 
100 (70) - - 10 year 10year 10 year 
87* 92.6" 54" 
106 (62) 10 year 10year 10year 10year 10 year 
58 1008 814 1008 61° 
221 (100) 5year Syear94 — = 5 year 
94 85 


LRFS local recurrence-free survival, MRFS metastatic recurrence-free survival, DFS disease-free survival. CSS cancer-specific survival, OS overall 


survival 
Considered only patients with biopsy-confirmed malignancy 
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and RFA. Prior meta-analyses have noted a mean MRFS of 
95.3% for cryoablation and 97.5% for RFA, as well as no 
significant difference between ablative therapy and extir- 
pative procedures [11], though the follow-up for ablative 
studies at the time were only moderate in length. Since that 
time, multiple series for both cryoablation [19, 99, 101, 
103] and RFA [73, 120, 121] have sufficiently matured and 
demonstrated a durable 5—10-year MRFS (Table 24.2) [52, 
73, 107, 108, 120-125]. Unfortunately, MRFS has not 
been routinely reported in the microwave ablation litera- 
ture, and IRE reports are too immature to report this, thus 
limiting the ability to compare these outcomes with older 
modalities. 
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Cancer-Specific Survival (CSS) and Overall 
Survival (OS) 


As with MFRS, multiple mature reports of cryoablation and 
RFA have noted CSS of 95-100% at 5—10 years of follow-up 
(Table 24.3) [109-111, 126]. This likely reflects the rela- 
tively indolent nature of most of the tumors being treated 
with ablation. Prior meta-analyses have noted similar CSS 
between cryoablation (95.2%) and RFA (98.1%), as well as 
ablative therapy and extirpative therapy [11, 127]. A 
Surveillance, Epidemiology, and End Results (SEER) data- 
base study did identify a 1.7% improvement in 5-year CSS 
for patients undergoing nephron-sparing surgery as com- 


Table 24.2 Intermediate- and long-term outcomes of radiofrequency ablation for RCC 


No. patients Follow-up Tumor 

Author, year (No. tumors) (years) size (cm) Technique 

Tracy et al. 208 (243) Mean 2.25 Mean2.4 172 

(2010) [52] Percutaneous 
68 
Laparoscopic 
3 Open 

Olweny etal. 37 (37) Median 6.5 Median 25 

(2012) [123] Dall Percutaneous 
12 
Laparoscopic 

Atwelletal. 222 (256) Mean 2.8 Mean 1.9 256 

(2013) [108] Percutaneous 

Psutka et al. 185 (185) Median 6.4 Median3 185 

(2013) [120] Percutaneous 

Wah et al. 165 (200) Mean 3.9 Mean 2.9 200 

(2014) [124] Percutaneous 

Ramirez et al. 79 (111) Median 4.9 Median SUL 

(2014) [121] 22 Laparoscopic 

Lorber etal. 50 (53) Mean 5.5 Mean 2.3 29 

(2014) [122] Percutaneous 
24 
Laparoscopic 

Ma et al. 52 (58) Mean 5 Mean 2.2 34 

(2014) [125] Percutaneous 
24 
Laparoscopic 

Chang etal. 45 (45) Mean 5.6 Mean 3.0 9 

(2015) [107] Percutaneous 
36 
Laparoscopic 

Johnson et al. 106 (112) Median 9.7 Mean2.5 85 

(2018) [73] Percutaneous 
27 
Laparoscopic 


Pre-biopsy- 

proven RCC LRFS MRFS DFS CSS OS 

no. (%) (%) (%) (%) (%) (%) 

179 (79) 5 year 5year  — Syear 5 year 
90° Os 99.4" 85 

37 (100) S year |S year | Siyear |S year |S year 
DLN OTe 59 Dif 2 Oy 22 

256 (100) 5year 5year — 5year - 
98.1 98.1 98.7 

185 (100) sew Jye |/Siyear |S year |S year 
952) 99.4 87.6 99.4 133 

183 (91.5) Syear Syear — Syear 5 year 
925 87.7 org9 75.8 

61 (77) = Syear 5 year Syear 5 year 

100° Op 100° T2 

53 (100) 5year — 5 year 10 year 10 year 
5) 90.6 100 93 

55 (95) 10 year 10year 10year 10year 10 year 
94.2 100 94.2 100 oim 

40 (89) Syear Syear Syear Syear 5 year 
95.4 955) 86.7 95.6 902 

45 (54) - 6year 6year 6year 6year 

96 89 96 71 


LRFS local recurrence-free survival, MRFS metastatic recurrence-free survival, DFS disease-free survival, CSS cancer-specific survival, OS overall 


survival 
*Considered only patients with biopsy-confirmed malignancy 
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pared to ablation [128], though it was noted that this improve- 
ment disappeared over time, suggesting that improved 
patient selection, experience, and technical modifications or 
other factors contributed to this finding. 

With other moderate follow-up, 5-year CSS for micro- 
wave ablation is estimated to be on par with cryoablation and 
RFA (see Table 24.3) [109-111, 126]. More mature follow- 
up will be required to prove this. There have been minimal 
reports comparing microwave ablation with surgical inter- 
vention. In a single-center retrospective comparative analy- 
sis, Yu et al. noted a similar cancer-specific survival between 
microwave ablation and laparoscopic nephrectomy [129], 
though significant differences in the baseline patient charac- 
teristics suggest a possible selection bias. 

While cancer-specific outcomes routinely surpass 90%, 
overall survival rates for cryoablation and RFA vary widely 
from 51% to 97% at 5—10 years (Table 24.4) [115-118]. This 
reflects the older, comorbid population that is usually treated 


with ablation as compared to extirpative therapy. Multiple 
microwave series and the single IRE study to report OS 
(though at only 2 years, rather than 5—10) all fall within this 
range. 


Complications 


Complications after renal tumor ablation are uncommon and 
typically stem from energy application to tissues adjacent to 
the ablation zone. Major complications have been estimated 
to occur in 5—10% of cases, depending on the series [130]. A 
prior meta-analysis assessing urologic and non-urologic 
complications after cryoablation, RFA, and extirpative ther- 
apy demonstrated a major urologic (including hemorrhage 
requiring transfusion or intervention, urine leak, abscess, and 
unforeseen loss of renal function) and non-urologic compli- 
cation rate of 4.9% and 5%, respectively, with cryoablation 


Table 24.3 Short-term outcomes of microwave ablation for RCC 
Pre-biopsy- 

No. patients Follow-up Tumor proven RCC no. LRFS MRFS DFS CSS OS 
Author, year (No. tumors) (years) size (cm) Technique (%) (%) (%) (%) (%) (%) 
Yu et al. (2015) 98 (105) Median 2.2 Mean2.7 105 88 (89) — — — Syear 5 year 
[126] Percutaneous 97 83 
Ierardi et al. 58 (58) Mean 2.1 Mean 2.4 58 28 (48) l year |- Syear Syear 5 year 
(2017) [110] Percutaneous 84.3 87.9 96.5 80.6 
Chan et al. (2017) 62 (84) Mean 2.1 Mean2.6 84 57 (68) — — 2year -— 2 year 
[109] Percutaneous 95 97 
Klapperich et al. 96 (100) Median 1.4 Median 100 73 (73) 3 year — 3 year ||3)year 9/3) yeat 
(2017) [111] 2.6 Percutaneous 88 88 100 91 


LRFS local recurrence-free survival, MRFS metastatic recurrence-free survival, DFS disease-free survival, CSS cancer-specific survival, OS overall 


survival 


Table 24.4 Short-term outcomes of irreversible electroporation for RCC 


Pre-biopsy- 

No. patients Follow-up Tumor proven RCC no. LRFS MRFS DFS CSS OS 
Author, year (No. tumors) (years) size (cm) Technique (%) (%) (%) (%) (%) (%) 
Thompson et al. 7 (10) — Mean 2.2 10 — 2/7 recurred at 
(2011) [117] Percutaneous 3 months 
Buijs et al. 10 (9) Mean 0.5 Mean 2.2 10 7 (70) No recurrences 
(2017) [115] Percutaneous 
Canvasser et al. 41 (42) Mean 1.8 Mean 2.0 42 13 (31) 2 year 83° — = — 2 year 
(2017) [118] Percutaneous 100° 
Liu et al. (2019) 5 (5) Mean 1.8 Mean 2.8 5 — 1/5 recurred 
[116] Percutaneous 


LRFS local recurrence-free survival, MRFS metastatic recurrence-free survival, DFS disease-free survival, CSS cancer-specific survival, OS overall 


survival 


“Only considers 35 patients with initial ablation success and at least 3 months follow-up 


’Considered only patients with biopsy-confirmed malignancy 
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and 6% and 4.5%, respectively, with RFA [11]. While there 
was no Statistically significant difference between ablative 
techniques, there was a lower risk of major urologic compli- 
cations as compared to open or laparoscopic partial nephrec- 
tomy [131]. Other reports have corroborated these 
complication rates and found similar ones for microwave 
ablation [132-134]. 

The majority of complications are minor with pain or par- 
esthesia at the probe insertion site being the most common 
(up to 8%) [135]. Often this pain resolves with time and oral 
analgesia but may persist in 4% of patients. Hydrodissection 
can avoid damage to the psoas muscle or adjacent nerves 
(ilioinguinal, genitofemoral) which may be the etiology of 
this persistent pain. In cryoablation, superficial thermal inju- 
ries can occur, primarily with older cryoprobes which were 
unsheathed. Current probes now possess thermal insulation 
along the shaft, which has reduced the rate of superficial 
freezer burns [136]. Conversely, superficial thermal injuries 
in RFA can occur during tract ablation as the active portion 
of the probe (distal tip) is pulled superficially. To avoid a 
potential nerve injury, the active portion should not surpass 
Gerota’s fascia. Finally, when performing RFA, grounding 
pads should be placed at the exact same level on the posterior 
aspect of the patient’s thigh, perpendicular to its long axis, in 
order to avoid electrical skin burns, which are possible, but 
extremely rare [137]. 

Hematuria after ablation can occur as a result of probe 
trauma or thermal injury to the urothelium. The severity of 
hematuria can vary immensely, from a mild pink tinge to the 
urine to urinary obstruction as a result of clots. This can 
begin during, immediately after, or even delayed from the 
time of ablation. Patients with hematuria can be managed 
conservatively if hemodynamically stable and the hematuria 
is only mild; however, angioembolization should be consid- 
ered in the presence of significant hemorrhage or hemody- 
namic instability. Bleeding is more common after 
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cryoablation than hyperthermic modalities (RFA, micro- 
wave) due to the lack of cauterization and possibly local 
platelet dysfunction. 

There are some complications that tend to be more spe- 
cific to particular ablative modalities. Urothelial injury lead- 
ing to a urine leak or ureteral injury/stricture can occur in up 
to 5% of RFA cases [124, 130] and occurs more frequently in 
medial tumors and those near the collecting system [21]. The 
risk of such an injury has been reportedly lower with cryoab- 
lation (1-2%). In severe cases, a perirenal urinoma or cuta- 
neous urinary fistula can form. These can be managed 
conservatively or with placement of a ureteral stent 
(Fig. 24.10). If a thermal injury occurs to the ureter/uretero- 
pelvic junction, urinary obstruction may result requiring 
placement of an indwelling stent or nephrostomy tube. Also, 
intra- or postoperative hemorrhage has been cited in up to 
11-27% of patients treated with ablative renal procedures 
[138]. The use of multiple probes for larger renal masses is 
the primary risk factor for hemorrhage [24, 139]. Hemorrhage 
at the time of probe placement may be controlled by simply 
proceeding with ablation, though in cryoablation, local coag- 
ulopathy as a result of platelet dysfunction [140] can increase 
the risk of hemorrhage. In addition, if sufficient tissue thaw 
is not allowed, premature cryoprobe removal can increase 
the risk of tumor “fracture” and hemorrhage. This type of 
risk is negated by the coagulative nature of RFA and micro- 
wave. For laparoscopic ablations, bleeding can be managed 
using hemostatic agents in combination with direct pressure. 
Reported transfusion rates for cryoablation are 3.2% and 
2.4% for RFA [11]. 

There are multiple other uncommon complications that 
can occur as a result of ablation. Adjacent organ injury 
(including lung, colon, small bowel, liver, duodenum, spleen, 
pancreas) can occur. When ablating an upper pole tumor, 
probe placement above the 12th rib can result in injury to the 
pleural cavity. This can lead to a pneumothorax or hemotho- 


Fig. 24.10 Radiofrequency ablation of left midpole posterior renal mass. (a) Deployed RF probe tines, (b) extravasation of contrast from the 
collecting system demonstrating a urine leak 
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Fig. 24.11 
loculated pneumothorax which warranted right chest tube placement 


rax (Fig. ) and is usually recognized during the proce- 
dure. A simple pneumothorax may be treated by aspiration 
using a small needle inserted into the pleural space at the end 
of the case. A large or persistent pneumothorax may require 
chest tube placement. Post-procedure, shortness of breath, or 
chest pain should elicit suspicion of a pneumothorax, and an 
upright chest radiograph should be performed promptly. 
Colonic or other bowel injuries are exceedingly rare and 
largely preventable with appropriate surgical technique. 
Injuries to the colon should be managed in conjunction with 
general surgery, and a frank perforation should be managed 
with prompt surgical exploration. If unrecognized, such an 
injury may lead to a colo-renal fistula. Initial management 
should include placement of a ureteral stent, while a persis- 
tent or colo-cutaneous fistula may require surgical diversion 
[56]. Hydrodissection adjacent to the colon or other heat- 
sensitive anatomy can be routinely and reliably performed 
through the instillation of D5W or other fluids into the peri- 
renal or retroperitoneal space. Patients with adhesions or 
prior surgery or ablation may face challenges with hydrodis- 
section however and, in those cases, may be more suitable 
for surgery. Last, postoperative infection can occur in the 
absence of large hematoma or urinoma and may be lethal 
[141]. Patients with an active infection at the time of ablation 
or those with chronic colonization of the urinary tract are at 
the highest risk [142, ]. Patients at risk have a screening 
urine culture performed and any organisms found adequately 
treated prior to proceeding with ablation. Administration of 
perioperative antibiotic prophylaxis at the time of the proce- 
dure can also be considered to minimize this risk. 


Radiofrequency ablation of 2.1 cm right upper pole renal tumor. (a) Deployed RF probe tines, (b) complicated by hemothorax and 


New Ablative Approaches 


Since the prior edition of this chapter, some of the promis- 
ing ablation modalities discussed (microwave, IRE) have 
been and continue to be explored. Others, such as high- 
intensity focal ultrasonography (HIFU) and stereotactic 
ablative body radiation (SABR), continue to be promising 
but have minimal data to support their use. HIFU is a nonin- 
vasive means of thermal tissue ablation which has shown to 
be effective at renal tissue destruction in simulations [144], 
and a single series has reported efficacy in two transplanted 
kidneys [145], though larger series do not exist and the con- 
cern for thermal injury to intercostal muscles and nerves in 
an orthotopic kidney remains. Further, energy is applied by 
a handheld device and occurs in a field with adjacent struc- 
tures and physiologic organ motion. Recently, MRI-guided 
HIFU has been proposed as a better means to guide energy 
deposition and account for physiologic organ motion [146] 
and has been investigated in a porcine model [147]. SABR 
is a “treatment method to deliver a high dose of radiation to 
the target, utilizing either single dose or a small number of 
fractions with a high degree of precision within the body” as 
defined by the American Society of Therapeutic Radiology 
and Oncology [148]. It uses an image-guided three-dimen- 
sional coordinate tracking system that is dependent on a 
constant reference point, the fiducial marker, which is con- 
tinually identified by the linear accelerator. As opposed to 
conventional radiation therapy techniques, SABR compen- 
sates for movement secondary to respiration and radiation 
scatter by tracking, identification, and correction of target 
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lesion movement, omitting patient repositioning or treat- 
ment interruption. Potential benefits include accuracy and 
precision of treating target tissue and also the ability to use 
high doses of radiation to a focal zone without scatter there- 
fore not compromising adjacent parenchyma [149]. SABR 
has been shown to be effective and safe in treating extracra- 
nial metastatic RCC sites [150] and reducing the growth 
kinetics of primary renal tumors [151]. Further investigation 
of these modalities is necessary and comparison to long- 
established methods (e.g., cryoablation and RFA) required 
prior to being embraced by the radiologic and urologic 
communities. 


Conclusions 


Renal tumor ablation has evolved from an experimental pro- 
cedure to a viable treatment alternative to surgery for small 
renal masses. Ablation offers advantages to extirpative ther- 
apy, including less technically challenging, lower treatment- 
related morbidity, lower complication rate, and improved 
renal function preservation. Cryoablation and RFA remain 
the most thoroughly studied modalities. Intermediate-term 
microwave outcomes appear promising, while IRE remains 
more investigational at this point. Ultimately, the decision to 
proceed with ablative treatment for a renal mass should be 
individualized to each patient and ideally following a discus- 
sion of all options and approaches. 
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Introduction 


Renal embolization can be lifesaving, be used to facilitate 
perioperative hemostasis, and often eliminate the need for a 
surgical intervention in patients with life-threatening renal 
hemorrhage. Renal angioembolization is also used to 
electively treat benign renal masses and has been used in the 
preoperative setting for large renal masses with/without renal 
vein thrombosis. 

Percutaneous selective renal artery catheterization and 
angiography were first described by Edling and Seldinger in 
1956 [1]. Seventeen years later in 1973, Almgard et al. 
described selective renal artery embolization for achieving 
renal necrosis for treatment of renal cell carcinoma [2]. Since 
then, the advancements in material science and digital 
technology have dramatically increased our abilities to 
access and selectively treat millimeter caliber arteries. This 
has paved the way to an exciting field of vascular 
embolization. Renal angiography and embolization have 
become the clinical standard of treatment for many renal 
pathologies — as well as an ancillary tool needed to be 
available in order to deal with perioperative complications. 

At times, this technique can be surprisingly simple or 
quite difficult and, in the majority of cases, extremely 
clinically satisfying. A high level of expertise and 
preparedness is required to deal with unexpected situations 
when encountered. 
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Renal Arterial Anatomy 


In order to safely and effectively perform renal arterial inter- 
ventions, a fundamental understanding of the normal and vari- 
ant renal vascular anatomy is essential. The renal arteries most 
commonly originate from the aorta approximately 1 cm distal 
to the origin of the superior mesenteric artery, at the level of the 
lower first and upper second lumbar vertebrae (Fig. 25.1). In a 
majority of patients (approximately 70%), there is a single 
renal artery to each kidney. The left renal artery is shorter than 
the right, given its proximity to the aorta, and is posterior to the 
left renal vein. The right renal artery passes posterior to the 
inferior vena cava and the right renal vein. The main renal 
arteries usually give off inferior adrenal, ureteric, and capsular 
branches before splitting in segmental branches. The kidney is 
composed of five segments: apical, upper, middle, lower, and 
posterior. The posterior division artery is usually the first 
branch of the main renal artery and supplies the posterior seg- 
ment of the kidney. The anterior division splits into three seg- 
mental arteries: superior to the upper segment, middle to the 
middle segment, and inferior to the lower segment. The vascu- 
lar supply to the apical segment is usually provided by the ante- 
rior division artery, but approximately 10% of cases may have 
supply from the posterior division. The segmental arteries 
divide into lobar arteries which further divide into interlobar 
and then into arcuate arteries. There are also smaller branches 
supplying the renal pelvis and proximal ureter, which can origi- 
nate from the main renal artery and its branches [3, 4]. 

Variant anatomy of the renal arteries is found in approxi- 
mately 35% of cases. The most common variation is the 
presence of so-called “accessory,” “aberrant,” or “supernu- 
merary” renal arteries which present in about 30% of these 
patients (Fig. 25.2). They commonly originate directly from 
the aorta but can be seen arising from almost any artery 
between the diaphragm and pelvis. Usually, the superior 
accessory artery supplies the apical segment, and the inferior 
branch supplies the lower segment. Accessory renal arteries 
arising above the main trunk are more common than the ones 
originating below it, and they are also more common on the 
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Fig. 25.1 Renal arterial anatomy. (a) Digital subtracted angiography 
(DSA) of the right kidney demonstrates common right renal arterial 
anatomy. The first branch descends posteriorly and supplies the 
posterior segment (arrowheads). (b) Un-subtracted angiography image 


Fig. 25.2 Aortogram and variant renal artery anatomy. Right kidney 
upper pole accessory renal artery (arrow). Duplicated left renal arteries 
(arrowheads) 


of the right kidney demonstrates common right renal arterial anatomy. 
The anterior branch is seen supplying the apical (white arrow), middle 
(black open arrow), and lower renal segments (black arrow) 


left than the right. Very often a right-sided accessory renal 
artery may be found in front of the inferior vena cava. 
Duplicated renal arteries present in about 10% of all cases. 
Accessory renal arteries more commonly supply blood to the 
inferior segment than to the superior one. 

It is important to remember that as the renal arteries can 
originate from almost any artery in the abdomen and pelvis, 
they can also give off branches to the surrounding organs. 
The commonly seen extrarenal arteries originating from the 
renal vasculature are inferior phrenic, adrenal, hepatic, 
gonadal, pancreatic, colonic, and lumbar arteries. 


Adrenal Vasculature 


The adrenal glands may be supplied by up to three arteries. 
The superior adrenal arteries originate from the inferior 
phrenic arteries; the middle, from the aorta; and the inferior, 
from the renal arteries (Fig. ). Adrenal blood flow is sup- 
plied in approximately 34% by all three arteries, 61% by any 
of the two arteries, and 6% by a single vessel. 


Horseshoe Kidney 


In utero during the fourth to ninth weeks of gestation, the 
closely situated metanephric buds of the lower abdomen/pel- 
vis are developing into the bilateral kidneys. During this pro- 
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Fig. 25.3 Adrenal artery. (a) Coronal CTA image of the abdomen 
demonstrates status post-adrenal-sparing left nephrectomy with contrast 
blush (arrowhead) noted between the limbs of the adrenal gland (black 
arrows), compatible with pseudoaneurysm. (b) The inferior adrenal 


cess they externally rotate bilaterally and ascend to the 
retroperitoneum. As the metanephros ascend, their vascular 
supply stems from sequentially higher levels of aortic arter- 
ies. The most common anomaly of renal ascent is a solitary 
malrotated kidney in the retroperitoneum. However, if there 
is disturbance in the separation and ascent of the metaneph- 


artery arises from the left renal artery stump. (c) Middle adrenal artery 
is a branch off of the aorta. (d) Celiac trunk injection shows left inferior 
phrenic artery which gives rise to superior adrenal artery (black arrow) 


ric buds, a fusion anomaly may occur, most commonly in a 
form of the horseshoe kidney. 

Horseshoe kidneys are typically formed by fusion of the 
lower poles of the metanephros (Fig. 25.4) [5]. The kidney 
may ascend until the upper border of the isthmus reaches the 
inferior mesenteric artery. Vascular supply to the horseshoe 
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Fig. 25.4 Horseshoe kidney. (a) Axial CT image demonstrates renal 
fusion at the lower poles, diagnostic for a horseshoe kidney. Additional 
note is made of prominent collecting systems bilaterally (white arrows) 


kidney varies; there may be single bilateral, duplicate bilat- 
eral, or multiple aortic and iliac arteries. 

When renal arterial interventions are performed, it is 
important to evaluate for normal branching patterns as well 
as variants, as these findings may greatly change the out- 
come of the intervention. 


Technical Issues 
Vascular Access 


Vascular access is the start of any angiographic procedure. 
The well-executed arterial access is the first step to a suc- 
cessful outcome. The common femoral artery access, utiliz- 
ing modified Seldinger technique, is the most traditional and 
still most commonly used approach. Axillary, brachial, or 
radial arterial access may be used in patients where the fem- 
oral artery access is not feasible [6, 7]. In recent years the 
radial artery access in particular had become more popular 
and widely used. 

Most commonly, arterial puncture is performed utilizing 
real-time ultrasound guidance with a 21 gauge micropunc- 
ture needle. A vascular sheath is placed into the common 
femoral artery following initial access. The size of the sheath 
may vary, in accordance with the type of devices planned to 
be used, but commonly ranges between 4 and 6 French. 
When performing vascular interventions on a neonate or 
small child, the procedure could be performed with a 4 


and a nonobstructing stone on the right (open white arrows). (b) 3D 
reformat image clearly depicts right renal stone and identifies several 
feeding vessels from the anterior aspect of the aorta 


French system without a vascular sheath in order to prevent 
from a possible damage to the small artery. In rare cases, 
when the intervention has to be done within the first few days 
of life, the angiogram can be attempted via the umbilical 
artery. 


Renal Artery Catheterization 


Planning renal vascular intervention should include a thor- 
ough review of available prior imaging studies. Doing that 
routinely may help to identify variant vascular anatomy as 
well as characterize the renal arteries in order to improve the 
procedure success as well as to minimize possible 
complications. 

Although an abdominal aortogram in most cases is not 
needed before the selective renal arterial catheterization, it 
could be an important asset if aberrant arteries can’t be 
readily localized. Selective renal artery catheterization can 
be performed with different catheters. The catheter choice in 
most cases is based on operator preference. In some 
situations, such as the left renal artery catheterization or 
when dealing with a stenotic origin, a reverse curve catheter 
may provide more stable access. When dealing with 
aneurysmal and/or tortuous aortoiliac arteries, use of a long 
curved vascular sheath may help to achieve a favorable con- 
dition for selective catheterization and to secure stable access 
to the renal arteries. Selective catheterization of distal renal 
artery branches is obtained with microcatheters using coax- 
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ial technique. Microcatheters allow for an embolization of 
distal renal artery branches providing an opportunity to pre- 
serve the maximum amount of renal parenchyma. 


Embolization Materials 


Embolization materials can be classified in several different 
ways. They can be temporary, dissolving over time which 
allows for vascular recanalization, or permanent, staying 
within the vessel for the rest of the patient’s life following 
the embolization. 

Temporary arterial embolization agents, such as gelatin 
foam, microfibrillar collagen, or biodegradable particles, 
may be used to devascularize specific arterial segments or an 
entire kidney. An occlusive effect, depending on material, 
may last approximately 3—90 days. Considering that the 
ischemic time of kidney is less than a day, the effect of these 
products is permanent even if the embolic is not. For this 
reason, as well as the additional complexity of delivering 
these agents into the renal arteries, they are rarely used in 
this vascular territory. 

Permanent embolization may be achieved with a variety 
of agents or devices including coils, vascular plugs, particles, 
and liquid embolic materials. 

Coils can be nondetachable or detachable. Detachable 
coils provide the possibility of removing the coil before 
detachment if it is not appropriately positioned within the 
vessel. This additional control significantly decreases the 
chance of nontarget embolization. 

Embolization particles are made from a variety of differ- 
ent materials and are supplied in sizes ranging from 40 to 
2000 um. Small particles, 40-300 um, are traditionally used 
for a distal tumor embolization in order to achieve tumor 
necrosis and minimize neovascularization. For some tumors 
like angiomyolipomas, somewhat larger particles can achieve 
effective tumor necrosis too. In general, the larger particles 
are used to obtain rapid vascular occlusion where tissue 
necrosis is not the goal, such as for preoperative devascular- 
ization. In addition, the larger particles can be used to mini- 
mize possible arteriovenous shunting often seen during 
tumor embolization. Particles are considered a permanent 
embolic agent although the above-described temporary 
agents may also achieve the same effect. 

Liquid embolic agents include ethanol, glue, or acrylic 
and newer nonadhesive agents. Concentrated ethanol (94— 
99%) induces instantaneous endothelial damage resulting in 
rapid vessel occlusion. Ethanol may be diluted with 
radiopaque iodized oil which makes injection of the ethanol 
visible. Additionally, the radiopaque iodized oil increases the 
duration that the ethanol is in contact with the vascular 
endothelium, potentially producing a greater effect for a 
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given volume of ethanol. Of note, ethanol injection can be 
painful, and the patients require adequate intra-procedural 
pain management. N-butyl-2-cyanoacrylate is an acrylic 
liquid embolic agent which polymerizes upon contact with 
blood or any ionic substance. This “glue” is diluted with a 
radiopaque iodized oil. It is routinely used in order to 
penetrate deeply into the small vessels located remotely from 
the site of the injection and an optimal embolization agent 
for treatment of arteriovenous malformations. It also can be 
used for devascularization of the renal masses and for 
vascular occlusion in cases of iatrogenic injury. Depending 
on the blood flow characteristics, the glue dilution is adjusted 
to optimize the vascular occlusion and to prevent nontarget 
delivery. The use of glue therefore requires significant 
expertise and experience. A nonadhesive liquid agent 
composed of ethylene vinyl alcohol copolymer dissolved in 
radiopaque tantalum powder is also available. This forms a 
dense cast which is malleable for several minutes which 
allows for slow arterial injection within a selected vessel 
potentially providing additional control during delivery. 

Following renal embolization, a post-embolization arterio- 
gram should be performed. Usually the embolized vessel or 
the closest proximal artery is injected initially followed by a 
main renal arteriogram. The main renal arteriogram is per- 
formed to evaluate the effect of the vascular occlusion and to 
assess for the presence of additional arteries which could sup- 
ply the targeted area. In cases of postoperative bleeding, the 
main renal arteriogram can also reveal additional areas of 
bleeding not seen on the initial arteriogram (Fig. 25.5). 

The angiographic procedure is completed with the 
removal of the access sheath or the catheter. Hemostatic 
control of the vascular access site can be accomplished with 
manual compression of the puncture site with or without 
hemostatic patches or use of the compression-assisted 
devices especially common with the radial artery approach. 
Utilization of the different available vascular closure devices 
generally makes vascular access site management more 
secure and comfortable for patients and operating physicians. 


Post-embolization Management 


Management of patient after embolization includes protection 
of the arterial access site from bleeding, such as strict bed rest 
with extension of the punctured extremity and management of 
the post-embolization symptoms. The severity of post-emboli- 
zation symptoms is generally proportionally related to degree 
of parenchymal loss. Common post-embolization symptoms 
include flank, back and/or abdominal pain, as well as nausea, 
vomiting, low-grade fever, or leukocytosis. Pain, fever, nau- 
sea/vomiting, and leukocytosis following embolization define 
the post-embolization syndrome which usually develops 


Fig. 25.5 Embolization with N-butyl cyanoacrylate glue. (a) Patient 
status post-partial right nephrectomy. Selective right renal arterio- 
gram demonstrates multiple poorly formed pseudoaneurysms at the 
resection site. (b) Post-embolization non-contrast fluoroscopic image 
of the right kidney demonstrates multiple glue casts. (c) Subselective 
microcatheter catheterization of a pseudoaneurysm with glue injec- 


within first 72 h following the procedure. Adequate pain man- 
agement, antiemetic medications, anti-inflammatory medica- 
tions, and intravenous fluids are required until the patient is 
able to tolerate PO diet, and medications are the key parts of 
post-embolization management. It is important to remember 
that a moderate fever and leukocytosis post-embolization do 
not usually require a septic workup. 
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tion (arrow). Note postoperative retroperitoneal drain. (d) Digitally 
subtracted right renal angiogram status post-selective glue emboliza- 
tion demonstrates multiple glue casts within the embolized branches. 
Also noted is the near complete preservation of previously identified 
renal parenchyma 


Angiography and Embolization 
for Treatment of Traumatic and latrogenic 
Hemorrhage 


Renal trauma may be due to blunt force or penetrating injury 
[8, 9]. During peace times, blunt trauma is much more 
common, and penetrating renal injuries usually occur 
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Fig. 25.6 Horseshoe kidney with hematoma, pseudoaneurysm, and 
arteriovenous fistula. (a) Axial CT images of a horseshoe kidney status 
post-percutaneous stone extraction demonstrates a large adjacent mixed 
density collection; the dense components of the collection are 
compatible with hematoma. (b) Hematuria status post-percutaneous 
stone extraction from the right collecting system of a horseshoe kidney. 
Multiple renal arteries are identified (red arrows). Additionally, 


following medical interventions—such as surgery, biopsies, 
or percutaneous urological procedures (Fig. 25.6). 

Blunt renal trauma is typically graded with CT scanning 
and, according to the American Association for the Surgery 
of Trauma, can directly need surgical intervention. Grade I- 
II renal injuries are treated conservatively with inpatient 
observation and blood transfusions as needed. Grade HI-V 
injuries typically require intervention with either surgical 
exploration or therapeutic angiography and embolization 
(Table 25.1). Embolization of large renal lacerations that are 
actively bleeding can be done prior to nephrectomy or may 
be performed alone as a nonsurgical kidney-sparing proce- 
dure [10]. 


lobulated contrast accumulation is noted, reflective of a pseudoaneurysm 
(open red arrow). Simultaneous filling of a right-sided renal vein 
(arrowhead) and IVC (open black arrow) is identified, compatible with 
an arteriovenous fistula (AVF). (c) Post-coil embolization aortogram— 
resolution of the pseudoaneurysm and AVF. Coil (black arrow), the iliac 
branch renal artery feeding the renal isthmus (open white arrow), and 
the inferior mesenteric artery (white arrow) 


In order to successfully identify a hemorrhagic source, 
knowledge of the angiographic signs of bleeding is crucial. 
These are divided into two groups: direct and indirect. The 
most common indirect signs of bleeding are hematoma, vas- 
cular spasm, and deviation of the arteries from their expected 
course, commonly due to underlying hematoma. The com- 
mon direct signs of bleeding are contrast extravasation, 
abrupt termination of the artery the so-called vessel cutoff 
sign, formation of a pseudoaneurysm, and/or development of 
an arteriovenous fistula. Contrast extravasation corresponds 
to a site of active bleeding (Figs. 25.7, 25.8, and 25.9). The 
abrupt vessel termination is usually secondary to an arterial 
thrombosis either due to complete or partial transection. 
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Table 25.1 CT grading of the renal trauma. From Federle et al. [8], 
with permission Elsevier 


Category Description Management 

1 Minor contusion with microscopic or Conservative 
gross hematuria; urological studies 
should be otherwise normal, 
alternatively, a subcapsular 
nonexpanding hematoma without an 
associated parenchymal laceration 

2 Nonexpanding perirenal hematoma Conservative 
confines to the retroperitoneum, or 
laceration less than 1 cm of the 
parenchymal depth of the renal cortex 
without urinary extravasation 

33 Laceration of greater than 1 cm depth Embolization 
of the renal cortex without collecting and/or surgical 
system rupture or urinary extravasation exploration 

4 Parenchymal laceration through the Embolization 
renal cortex, medulla, and collecting and/or surgical 
system, or main renal artery or vein exploration 
injury with contained hemorrhage 

5 Completely shattered kidney or Embolization 
avulsion of the renal hilum which and/or surgical 
devascularized the kidney exploration 


Fig. 25.7 Direct signs of vessel injury. Pseudoaneurysm and arteriove- 
nous fistula. Aortogram demonstrates filling of a right renal artery (red 
arrow) with lobulated contrast, reflective of a pseudoaneurysm (open 
red arrow). Simultaneous filling of a right-sided renal vein (arrowhead) 
and IVC (open black arrow) is identified, compatible with an arteriove- 
nous fistula (AVF) 
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Pseudoaneurysm is an area of lobular contrast accumulation 
outside of the ruptured vessel surrounded by the adjacent tis- 
sue providing temporary hemostasis. These pseudoaneu- 
rysms present with intermittent bleeding which happens 
when the surrounding tissues burst due to continuously 
increasing pressure. The arteriovenous fistula represents an 
abnormal communication between the artery and vein cre- 
ated by the trauma. This abnormality is represented by early 
filling of a draining vein (see Fig. 25.7) [11]. 

In postoperative patients with renal hemorrhage, renal 
angiography reveals a demonstrable and treatable etiology 
with a high rate of efficacy [12]. Angiography should be con- 
sidered first line for intractable and delayed bleeding in these 
settings. 


Angiography and Embolization of Renal 
Tumors 


Before discussing the specific tumors, it is necessary to be 
aware of angiographic features of so-called tumor vascular- 
ity (Fig. 25.10). Neoplastic processes anywhere in the body 
often have similar vascular changes. They include abnormal 
vascular tortuosity, vascular lumen irregularity, formation of 
a true and pseudoaneurysms, hypervascularity, early contrast 
opacification, delayed washout, arteriovenous shunting, and 
parasitic vascularization with vessels recruited from the 
adjacent structures and organs. Tumor vessels are more 
porous and do not have the same ability to contract and con- 
trol bleeding as normal arteries and for that reason are prone 
to bleed especially when masses increase in size. When some 
tumors become large, they can become a source of vascular 
sequestration. In many situations it is impossible to deter- 
mine the nature of the tumor based on angiographic appear- 
ance, and correlation with the cross-sectional imaging is 
extremely important. 


Renal Angiomyolipomas 


Renal angiomyolipomas (AML) are nonmalignant neo- 
plasms which contain fat, vascular, and smooth muscle com- 
ponents. AMLs are sporadic in 80% of cases (Figs. 25.11 and 
25.12) [13]. Sporadic tumors are more common in women 
and are asymptomatic in approximately 75% of cases at pre- 
sentation. About 15% of patients present with bleeding and 
in 15% they are multiple. Twenty percent of AMLs are asso- 
ciated with phakomatoses, primarily tuberous sclerosis 
(TSC), lymphangiomyomatosis, von Hippel-Lindau syn- 
drome, and neurofibromatosis type 1. AMLs are often noted 
incidentally; however, some patients may present with a pal- 
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Fig. 25.8 Direct signs of vessel injury. Arterial cutoff sign in a patient 
status post-laparoscopic partial nephrectomy. (a) Arterial angiography 
of the right kidney demonstrates an abrupt end to a lower segment renal 
artery branch (red arrow). (b) Lower segment renal arteriography 
confirms the finding, commonly known as the arterial cutoff sign (red 


pable mass, flank pain, urinary tract infection, hematuria, 
renal failure, or hypertension. Renal angiomyolipomas pose 
a significant hemorrhagic risk. The risk of bleeding is pro- 
portional to a lesion size, and the general consensus is that 
when they reach 4 cm an intervention should be considered 
[14]. The other important risk factors for possible AML rup- 
ture and bleeding are aneurysmal arteries within the tumor 
measuring 5 mm or larger, pregnancy, TSC and blunt trauma. 


arrow). (c) Microcatheter placed through the level of the occlusion 
demonstrates immediate venous filling, consistent with arteriovenous 
fistula (open arrow). (d) Post-embolization arteriogram demonstrates 
successful occlusion of the vessel 


Preemptive embolization is the standard approach in AML 
rupture/bleeding prevention. Although the surgical resection 
is another option, due to a potential greater loss of the renal 
parenchyma, it is generally reserved for the minority of 
cases, where embolization cannot be performed. 
Angiographically AMLs are hypervascular tumors with 
sharp borders, irregularly dilated vessels, early arterial 
filling, micro- or macro-aneurysms, and the absence of 
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Fig. 25.9 Direct signs of vessel injury. Active contrast extravasation/ 
active bleeding. Right renal hemorrhage status post-laparoscopic 
resection of a right lower pole mass. (a) Arterial angiography of the 


N 


Fig. 25.10 Tumor vascularity. Selective angiogram of the left kidney 
demonstrates tumor neovascularity which consists of tortuous irregular 
vessels with multiple small aneurysms, pseudoaneurysms, and contrast 
blush. Note: multiple embolic coils from prior embolizations of several 
hemorrhagic AMLs 


arteriovenous shunting. The sporadic AMLs, as opposed to 
those associated with other conditions, most often have a 


right kidney demonstrates contrast extravasation superiorly and 
medially (red arrows) to the microcatheter. (b) Post-coil embolization 
arteriogram—occlusion of the bleeding artery 


single feeding artery. Particle embolization results in 
decreased vascularity, tumor size, and likelihood of hemor- 
rhage (Fig. 25.13). Renal AMLs treated with embolization 
undergo continued follow-up and may require re-emboliza- 
tion in approximately one third of the cases. Additionally, 
AMLs that demonstrate acute hemorrhage can be success- 
fully treated with emergent embolization. Selective arterial 
embolization of AMLs is a standard, safe, and durable and an 
effective nephron-sparing therapy [15]. 


Palliative Embolization of Symptomatic 
Renal Tumors 


Renal mass embolization plays a role in treatment of non- 
operable malignant renal tumors. It is usually performed for 
palliative purposes to treat persistent hematuria, bleeding 
following tumor rupture, and/or pain control for advanced 
RCCs. 


Preoperative Embolization for Large Tumors 


Radical nephrectomy and cytoreductive nephrectomy are 
treatment options for patient with large renal tumors. Highly 
vascular RCC is associated with significant intraoperative 
hemorrhage [10]. Preoperative renal arterial embolization has 
been a long-standing method to decrease perioperative mor- 
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Fig. 25.11 Sporadic angiomyolipoma. (a) Ultrasound image of the mass (arrows) in left upper renal pole. (c) MRI T2 confirms a fat 
left kidney demonstrates a hyperechoic left lower pole renal lesion with containing left upper pole renal lesion. (d) Note the fat suppression 
shadowing (red arrows). (b) Contrast-enhanced CT of the same patient within the tumor on the T2 fat-saturated image. All modalities are 
demonstrates a fat/low attenuation (—37 Hounsfield units) containing diagnostic of an angiomyolipoma 
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Fig. 25.12 Bilateral angiomyolipomas. Axial contrast-enhanced 
images of the abdomen demonstrate bilateral lipid-rich lesions 
(arrowheads), compatible with renal angiomyolipomas in a patient 
with tuberous sclerosis 
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bidity and mortality. Arterial embolization is performed typi- 
cally within 24 h of the intended radical nephrectomy. 
Devascularization of large renal tumors yields decreased intra- 
vascular tumor extension which leads to easier surgical dissec- 
tion planes. This in turn can result in shorter operative times 
and decreased intraoperative hemorrhage. 


Pediatric Renal Tumors 


Pediatric renal tumors typically consist of Wilms’ tumors, 
AMLs, and more rare etiologies (malignant rhabdoid tumors, 
metanephric adenomas, etc.) [16-18]. Selective renal arterial 
embolization serves as a means to prevent or treat 
hemorrhage, as in the case of AMLs. In rare cases of 
advanced ruptured Wilms’ tumors, embolization may tempo- 
rize bleeding in order to prepare patients for surgery. 


25 Renal Angiography and Embolization 


Fig. 25.13 Sporadic angiomyolipoma with interval treatment. (a) (b) Pre-procedural post-contrast coronal T1 MRI images of the left kid- 
Angiographic images of the left kidney demonstrate a left lower renal ney demonstrate an enhancing left lower renal pole angiomyolipoma. 
pole exophytic mass with dilated irregularly shaped vessels. Note the (c) A 6-month follow-up repeat MRI demonstrates decreased tumor 
presence of the saccular aneurysms along the vessels (arrowheads). size with only minimal peripheral enhancement 
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Conclusion 


Renal angiography and embolization are a significant asset 
to any urological practice. The ability to perform these mini- 
mally invasive procedures to prevent or control renal hemor- 
rhage greatly improves morbidity and mortality within this 
patient population. There are ongoing technological advance- 
ments, with the generation of new catheters, embolic agents, 
and imaging techniques that provide almost unimaginable 
diagnostic and therapeutic capabilities for continuous 
improvement in treatment outcomes. 
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Introduction 


Nutcracker syndrome (NCS) is a rare clinical entity also 
known as anterior left renal vein entrapment syndrome that 
refers to the extrinsic compression of the left renal vein 
(LRV) between the aorta and superior mesenteric artery 
(SMA) resulting in symptoms. The configuration of the 
LRV being compressed between the aorta and SMA was 
first described as analogous to a “nutcracker” in 1937 by 
Grant [1] (Fig. 26.1). Much less common is posterior left 
renal vein entrapment syndrome which occurs when a 
retro-aortic left renal vein is compressed between the aorta 
and vertebral body. When symptomatic, NCS can present 
as persistent hematuria accompanied by flank pain and/or 
pelvic pain, with or without the formation of lower extrem- 
ity and pelvic varices in female or varicocele in male 
patients [2]. In females, severe cases can lead to abdomino- 
pelvic pain and other symptoms of pelvic congestion, 
including dysmenorrhea, dyspareunia, and dysuria [3]. 
When a patient presents with hematuria, the standard 
workup interrogates for the possibility of infectious, inflam- 
matory, or neoplastic etiologies. If the workup is negative, 
the term “essential hematuria” is sometimes applied and 
may suggest a rare clinical entity such as NCS [4, 5]. In 
addition to the morbidity associated with chronic pain, 
hematuria, and pelvic congestion syndrome, NCS can 
sometimes lead to chronic renal disease, hypertension, or 
left renal vein thrombosis [6]. The following chapter 
includes a proposed pathophysiology and current diagnos- 
tic and therapeutic algorithm for this disorder. 
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Pathophysiology 


The left renal vein must cross the midline to reach the infe- 
rior vena cava and most commonly courses between the 
SMA and aorta (Fig. 26.2). The SMA origin is approximately 
at the level of the L1 vertebral body originating from the 
aorta at a 90-degree angle. The SMA then commonly courses 
4-5 mm anteriorly before descending. Both the LRV and the 
duodenum travel in the space between the SMA and aorta. 
Several veins drain into the left renal vein including the left 
gonadal, ureteral, inferior phrenic, and adrenal veins. 

The angle formed by the SMA and aorta in the average 
person ranges from 40° to 60° without any effect on the 
LRV or duodenum. If the angle is acute enough however, it 
can cause compression of the LRV with associated imaging 
findings such as dilatation of the proximal portion of the 
vein. If the resultant LRV narrowing is severe enough to 
cause increased venous pressure resulting in symptoms, it is 
considered nutcracker syndrome, while the same entity 
without clinical symptomatology is referred to as the nut- 
cracker phenomenon. As fluid will travel from high pressure 
to low pressure in NCS, compression of the left renal vein 
results in pressures sufficiently elevated to cause reversal of 
flow within the veins that usually drain into the left renal 
vein resulting in symptoms. This flow reversal in vessels 
such as the gonadal vein leads to elevated pressures in the 
smaller and more delicate vesicular veins and the pampini- 
form plexus resulting in left varicocele formation. If these 
collaterals inadequately decompress the obstructed renal 
vein, then hematuria can occur due to transposition of blood 
across delicate renal sinusoids into the collection system. In 
the author’s experience, hematuria is rarely gross and/or 
clinically problematic in NCS patients with symptoms of 
pelvic congestion or varicocele. NCS patients with persis- 
tent gross hematuria rarely have symptoms of varicocele or 
pelvic congestion. We believe that this is on the basis of 
renal vein pressures, and those with robust collaterals are 
likely decompressed well enough to avoid hematuria and 
vice versa. 
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Fig 


6.1 Anatomy of nutcracker syndrome. (a) Combined venogram configuration of the left renal vein entrapment syndrome conforms to 
and arteriogram demonstrates compression of the left renal vein the shape of a nutcracker (overlaid) 
between the superior mesenteric artery and aorta. (b) Anatomical 


Fig. 26.2 (a) Axial CT demonstrates the normal course of the left renal vein between the superior mesenteric artery and aorta. (b) Sagittal Tl MR 
also demonstrates the most commonly recognized anatomic configuration of nutcracker syndrome 
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Diagnostics 
History 


NCS is a rare clinical entity and can present from childhood 
into the seventh decade of life with a peak incidence in the 
second and third decades [6]. The prevalence of NCS is not 
known, and it has been argued that it is underdiagnosed. A 
common presenting symptom is isolated hematuria which 
can be microscopic or macroscopic and ranges from mild to 
severe requiring transfusion. Many more common causes 
should be considered first such as renal stones, malignancy, 
infection, trauma, nephritis, etc. As such, the workup will 
likely include a combination of labs, ultrasound, and/or 
CT. If the workup is negative for common etiologies, then 
NCS should be considered. In one study done to evaluate 
pediatric patients with hematuria, they found that 40% of 
patients with unexplained hematuria were found to have 
NCS based on ultrasound criteria [7]. 

Abdominopelvic pain can be a presenting symptom in 
isolation or in conjunction with other symptoms. The pain 
may manifest as left flank pain, pelvic pain similar to pelvic 
congestion syndrome, or pain that radiates to the groin and/ 
or thigh. Abdominopelvic pain is nonspecific, and a combi- 
nation of lab work and imaging will likely follow. If the 
workup is negative, NCS should be considered. 

On physical exam there may be varicosities in the pelvic 
region in the left scrotum, vulva, or buttock. Physical exam 
is otherwise generally negative. 

Laboratory workup may be helpful in ruling out alterna- 
tive diagnoses but is not helpful in confirming NCS. If the 
hematuria is severe enough, the patient may be anemic with 
low iron, low ferritin, and increased TIBC (iron deficiency 
anemia). Urinalysis may show microscopic or macroscopic 
hematuria. 


Ultrasound 


Ultrasound is often the first-line imaging modality as it is 
noninvasive, doesn’t require radiation or intravenous con- 
trast, and allows for measurements of renal vein diameter, 
velocities, and waveforms. Ultrasound can often demon- 
strate the compressed renal vein, proximal dilatation, allow 
for measurement of the vein diameter, stenosis secondary to 
the compression. Examination in long axis using color 
Doppler will reveal the presence of a velocity gradient from 
the perihilar to mesoaortic region [8—10]. The presence of 
increased flow within collateral vessels is further evidence of 
renal venous hypertension. Although ultrasound can ele- 
gantly display the stenosis and collaterals, studies have 
shown poor correlation between Doppler and the gold 
standard, direct catheter renocaval pullback pressure 
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measurements [11, 12], which we believe is based on varia- 
tion in collateral decompression of the renal vein. Another 
drawback to the use of ultrasound is that it is operator depen- 
dent and in the absence of a highly skilled sonographer it is 
unlikely accurate measurements will be obtained. 


Computed Tomography 


Computed tomography (CT) offers the benefit of cross- 
sectional imaging with the ability to accurately measure the 
left renal vein, the angle between the SMA and aorta, to visu- 
alize enlargement of the collateral veins (Figs. 26.3 and 26.4) 
and often to suggest reflux if present. CT can also reveal 
other anatomic variants such as a retroaortic left renal vein 
[13-15]. There is some disagreement on CT criteria in terms 
of what is sufficient to suggest a diagnosis of NCS. One 
European study found the highest diagnostic accuracy is “the 
beak sign” and the LRV diameter [15]. For symptomatic 
patients some studies state an angle of 35° or less between 
the aorta and SMA is sufficient; however, a study in 
Abdominal Imaging found that many asymptomatic patients 
will have an angle less than 35° and an angle less than 25° in 
conjunction with visualization of collateral veins provided 
the most diagnostic accuracy [16]. The drawbacks of CT 
include the need for radiation exposure and IV contrast and 
that it is a static imaging study. 


Magnetic Resonance Imaging 
MRI may offer less or more variable spatial resolution than 


CT; however, the images are certainly adequate to provide 
the same anatomical information. The benefits include the 


Fig. 26.3 Axial CT demonstrates compression of the left renal vein 
(blue arrow) between the superior mesenteric artery (red arrow) and 
aorta 
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Fig. 26.4 Sagittal CT reformats of the same patient demonstrates an 
acute SMA/aorta angle measuring approximately 15° with resulting 
compression of the left renal vein (red *) 


ability to acquire multiple sequences without the use of radi- 
ation and utilizing time resolved imaging to be able to visu- 
alize flow through the renal veins and its tributaries like the 
gonadal vein (Fig. 26.5). Although not currently in common 
use, cardiac MRI techniques can provide noninvasive pres- 
sure measurements, potentially diagnosing NCS more accu- 
rately [17]. There are a few drawbacks to MRI, which include 
the high cost, the long examination time, and the exclusion 
of patients with certain implants or severe claustrophobia. 


Venography with Pressure Measurements 


The gold standard is venography with intravenous pressure 
measurements. Once access to the left renal vein is obtained, 
contrast injection can show beaking, sluggish flow, and 
multiple collaterals (Figs. 26.6 and 26.7). Direct pressure 
measurements obtained at the renal hilum and just beyond 
the stenosis, at the IVC junction, can demonstrate a pressure 
gradient greater than 5 mmHg [2] which is considered 
significant. Some studies have proposed 3 mmHg [6]; 
however, the use of a lower pressure gradient will result in 
more false positives. The drawback of venography is that it is 
invasive and as such should be limited to cases with 
indeterminant results on noninvasive imaging and a high 
clinical suspicion or in patients who have evidence of NCS 
on noninvasive imaging as confirmation prior to treatment. 
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Treatment 
Indications and Goals of Treatment 


There are no society guidelines or consensus on managing 
patients with NCS. The natural history is also unclear which 
makes management decisions more difficult. The decision to 
proceed with an intervention should be guided by clinical 
and radiological findings on a case-by-case basis, considering 
the severity of symptoms, patient demographic, and 
understanding of available minimally invasive techniques. 


Medical Management 


Medical management may be considered in patients with 
mild or intermittent symptoms, in particular for pediatric 
patients. Intermittent hematuria and proteinuria as a byprod- 
uct of anatomical changes of normal growth have been 
described [12], providing support for a conservative approach. 
Patients are monitored up to 24 months to evaluate for resolu- 
tion of symptoms [2, 18]. If the patient is thin, authors have 
proposed that the SMA angle can be affected by the amount 
of fat, similar to the theory behind SMA syndrome compress- 
ing the duodenum. Spontaneous resolution of hematuria has 
also been observed with an increase in BMI by 10% [18, 19]. 
There have been case reports of NCS occurring in pregnancy 
as well which can be managed conservatively as most [20, 
21] resolve after delivery. 


Surgical Intervention 


Severe pain and hematuria requiring transfusion, recurrent 
gross hematuria, renal injury, and failure of conservative 
management are among the gamut of symptoms that would 
require more timely intervention [3, 12]. The first reported 
case of treated NCS was in 1974 [22]. Since then, several 
surgical approaches have been described. These include 
direct reimplantation of the left renal vein [18, 23], SMA 
transposition [24, 25], nephropexy [26], autotransplantation 
of the left kidney [27, 28], nephrectomy alone [29], and 
external stenting or bracing of the LRV [4, 30-32]. Most of 
these relieve the underlying venous hypertension, and LRV 
transposition is the most commonly utilized [24, 33-37]. 
Some approaches, such as gonadocaval bypass [3], 
splenorenal venous bypass [30], and left gonadal vein 
ligation [31], are directed to treat pelvic congestion symp- 
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| > A series of subtracted T1-weighted MR images. At 23 s there vein is easily visualized (red *), and the pelvic veins are starting to be 
is filling of the arteries, and the renal parenchyma and the veins are just seen. At 33 s the bilateral iliac veins and infrarenal IVC are opacified 
starting to be seen. At 25 s there is filling of the renal veins, and some (blue *) 

contrast can be seen filling the left gonadal vein. At 27 s the left gonadal 
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Fig. 26.6 Digital subtraction venography of the abdomen with the 
catheter tip at the left renal hilum. The image demonstrates what a 
normal left renal venogram should look like with brisk filling of the 
IVC and no filling of collateral veins 
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toms, but the latter does nothing to treat the underlying ele- 
vated pressure in the left renal vein. 


Endovascular Interventions 


More recently, endovascular stenting of the left renal vein 
has been reported with self-expanding stents with strong 
axial/radial forces, such as the Wallstent (Boston Scientific), 
first used in 1996 [38], which continues to be the most 
commonly utilized stent in the United States because of its 
flexibility, radial characteristics, and availability in large 
calibers and lengths that best correspond to LRV dimen- 
sions. Since that report, several studies have described LRV 
stenting with alleviation of symptoms of NCS [24, 39-46] 
(Fig. 26.8). Complications of LRV stenting include stent 
migration, thrombosis, and restenosis which have all been 
reported [42, 44, 47]. The theoretical long-term risk of stent 
erosion has also been discussed in the literature [12], which 
is especially relevant as these patients are generally younger. 
The largest study followed 61 patients to a median of 
66 months showing symptom resolution in 97% of patients, 
1 patient with recurrent symptoms, and 4 patients in the 
study with complications. The authors conclude that stenting 
is a good first-line treatment to NCS [47]. Coil embolization 
of gonadal veins and ablation of varices have been employed 


Fig. 26.7 Digital subtraction venography of the abdomen in a patient with nutcracker syndrome showing filling of a dilated left gonadal vein (a) 


and pelvic collaterals (b, c) without early filling of the IVC 
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Fig. 26.8 Pre- and posttreatment images. (a) Venogram prior to stent- 
ing in a patient with nutcracker syndrome demonstrates drainage 
through numerous collateral vessels. (b) Post-stent placement in the left 


in conjunction with renocaval pressure gradient relieving 
procedures in cases where pelvic congestion resulted from 
NCS [2, 38]. 


Conclusion 


Nutcracker syndrome, also known as anterior left renal vein 
entrapment syndrome, involves compression of the left renal 
vein and can present with abdominopelvic pain, micro- or 


renal vein; there is return of drainage into the IVC. (c, d) Stent 
placement CT images in the axial and coronal plane, respectively 


macroscopic hematuria, and symptoms of pelvic congestion 
syndrome. Noninvasive ultrasound and cross-sectional imag- 
ing can show the anatomic abnormality; however, the diag- 
nosis is only suggested if anatomic findings correlate with 
the clinical picture and is confirmed by direct renocaval pres- 
sure gradient measurement. Though LRV transposition and 
now LRV stenting are commonly employed methods for 
treatment of nutcracker syndrome, judicious management of 
NCS should take into consideration patient’s age, severity, 
and chronicity of symptoms. 
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Renal artery stenosis, resulting in renovascular hypertension, 
is a major cause of secondary hypertension [1]. When both 
kidneys are affected, ischemic nephropathy with diminished 
renal function also results. The most common cause of renal 
artery stenosis is atherosclerotic, usually ostial, narrowing of 
the renal artery. The second most common cause of renal 
artery stenosis is fibromuscular dysplasia. In most cases, 
aRAS is treated with stent placement and FMD with angio- 
plasty alone. Nonrandomized single-center series for revas- 
cularization for both atherosclerotic renal artery stenosis 
(aRAS) and fibromuscular dysplasia (FMD) have reported 
excellent outcomes [2, 3]. In recent years, however, large 
prospective randomized trials have disputed these previ- 
ously reported outcomes in the management of aRAS [4, 5]. 
Despite many flaws in these trials, the importance of proper 
patient selection and performance of appropriate endovas- 
cular technique by skilled operators has been emphasized. 
In this chapter, the authors review patient selection factors, 
describe standard techniques for renal revascularization, and 
provide technical “tips” that can be utilized during interven- 
tion. In addition, the authors will review reported outcomes, 
in particular, from several large retrospective studies includ- 
ing the primarily US-based “Cardiovascular Outcomes in 
Renal Atherosclerotic Lesions” (CORAL) trial. 

Renal artery stenosis (RAS) refers to a fixed narrowing of 
the renal artery which can lead to renin-mediated renovas- 
cular hypertension (RVH) and ischemic nephropathy (IN). 
It is the most common cause of secondary hypertension and 
accounts for 1-4% of all patients with hypertension [6]. 
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Renal artery stenosis secondary to atherosclerosis (aRAS) 
accounts for 90% of patients with RVH, with fibromuscular 
dysplasia (FMD) accounting for the second most common 
cause [6]. Angiographically, most aRAS lesions occur within 
the ostium or the first centimeter of the renal artery and are 
due to plaque within the aorta engulfing the ostium of the 
renal artery resulting in the stenosis [3]. Narrowing second- 
ary to FMD usually occurs in the mid- to distal third of the 
renal artery, and medial fibroplasia, with a “string of beads” 
appearance, accounts for most cases [4]. 

Renal artery stenosis must be documented as hemody- 
namically significant prior to any renal artery catheter-based 
intervention, particularly when it is associated with renal 
dysfunction, poorly controlled hypertension, or recurrent 
pulmonary edema [7]. While renal revascularization has a 
significant role in the management of aRAS patients, care- 
ful selection is necessary to identify patients who will ben- 
efit the most from intervention. Traditionally, treatment for 
aRAS has been renal revascularization with renal artery 
angioplasty and stenting; however, this has been controver- 
sial secondary to several large-scale retrospective studies in 
recent years [4, 5]. Treatment for FMD with renal angio- 
plasty has been shown to be widely accepted and efficacious. 


Techniques 
Patient Selection 


Appropriate patient selection for intervention in patients 
with significant renal artery stenosis is based on clinical, 
anatomic, and physiologic (hemodynamic) criteria. Renal 
artery stenosis can be an incidental, clinically asymptom- 
atic condition, or it can overlap with multiple clinical syn- 
dromes including hypertension or renal insufficiency [8]. 
All three clinical conditions can occur independently or may 
be causally linked to each other (Fig. 27.1). For example, 
patients with essential hypertension may have renal artery 
stenosis, which does not result in renovascular hypertension. 
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Fig. 27.1 Complex overlapping relationship between renal artery ste- 
nosis, hypertension, and renal insufficiency 


It is important to stratify these separate clinical conditions 
in order to guide safe, effective, and appropriate treatment. 


Clinical Criteria 


According to the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment for High Blood Pressure, testing for identifiable 
causes of nonessential hypertension is not indicated unless 
blood pressure control is not achieved despite attempt with 
optimal doses of three drugs of different classes [9]. Yet, the 
Society of Interventional Radiology and American Heart 
Association have more relaxed recommendations and state 
that patients should undergo further testing with imaging 
in the following groups: patients with onset of hyperten- 
sion before 30 years of age; patients with severe hyperten- 
sion after the age of 55; accelerated, resistant, or malignant 
hypertension; new azotemia; worsening renal function after 
administration of angiotensin-converting enzyme inhibiting 
agents or angiotensin receptor blocking agents; size discrep- 
ancy between kidneys greater than 1.5 cm; or sudden and 
unexplained pulmonary edema [10, 11]. Physical exam and 
imaging findings in patients with RAS may include a con- 
tinuous epigastric bruit, retinopathy, and asymmetric renal 
atrophy. Laboratory results, which should also prompt fur- 
ther investigation with diagnostic imaging or angiography, 
include elevated plasma renin activity, hypokalemia, and/or 
proteinuria [11]. 
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Anatomic Criteria/Screening Diagnostic Exams 


In patients with suspected renovascular hypertension, imag- 
ing technique selection for diagnostic screening should be 
guided and based on the American College of Radiology 
Appropriateness Selection Criteria [12]. These include 
ultrasound, nuclear medicine exam, computed tomography 
angiography (CTA), and magnetic resonance angiography 
(MRA). CT and MRA have the added benefit of not just 
being screening exams but can be vital in the pre-procedural 
planning prior to angiography. 

Duplex Doppler ultrasound (US) has the highest rating 
in appropriateness criteria for the evaluation of patients with 
high index of suspicion of renovascular hypertension and 
diminished renal function and second highest in patients 
with normal renal function [12]. US provides real-time 
anatomic and hemodynamic information by utilizing gray 
scale, color flow Doppler, and Doppler spectral analysis to 
evaluate the renal arteries. A diagnosis of RAS on ultrasound 
requires a peak systolic velocity in the renal artery exceed- 
ing 180 or 200 cm/s and a renal artery/aortic velocity ratio 
exceeding 3.5. Doppler US can also be helpful in predicting 
outcomes for renal artery interventions. Resistive indices of 
greater than 0.8 have been shown to predict poor outcome 
after attempts at reducing hypertension and improving 
renal function [13], but others dispute its predictive value. 
Unfortunately, US is operator dependent and may be com- 
promised by the patient’s body habitus. These limitations 
may become significant when patients are serially followed, 
and the exam is performed by different operators. 

Nuclear medicine screening exams offer the added advan- 
tage of providing functional renal assessment along with 
limited anatomic information. Renal perfusion, renal func- 
tion, and renal excretion can be qualitatively and quantita- 
tively assessed. For the diagnosis of renal artery stenosis, the 
study of choice is angiotensin-converting enzyme inhibitor 
scintigraphy. Kidneys affected by renovascular hypertension 
demonstrate impaired function due to angiotensin converter 
enzyme inhibition. The reported sensitivity of ACE-inhibitor 
renal scintigraphy for renovascular hypertension ranges from 
34% to 93% and with specificity of 100% [14]. 

Computed tomography angiography (CTA) uses multi- 
detector row helical scanners to generate high-resolution 
two-dimensional images and volume or surface renderings 
in three dimensions to provide detailed anatomic informa- 
tion [15]. According to the ACR Appropriateness Criteria, 
CTA is rated the highest in patients with a high index of sus- 
picion for renovascular hypertension and normal renal func- 
tion [12]. Along with detailed anatomic information, CTA 
provides additional information about the extent and distri- 
bution of atherosclerotic plaque as well as secondary signs of 
RAS including post-stenotic dilatation, changes in renal size 
and volume, and cortical changes [16]. Although CTA can be 
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useful in evaluating renal artery stents and in-stent stenosis, 
imaging artifact from high-density materials including cal- 
cified arterial plaques can cause beam hardening and limit 
evaluation of surrounding structures. A major limitation of 
CTA besides the significant dose of ionizing radiation is the 
use of nephrotoxic iodinated contrast — alas in patients who 
need it most, those with IN, it often cannot be used. 
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Along with CTA, magnetic resonance angiography 
(MRA) is the highest rated exam of choice according to the 
ACR Appropriateness Criteria in patients with a high index 
of suspicion for renovascular hypertension and normal renal 
function (Fig. ). MRA is also the highest rated exam of 


choice in patients with diminished renal function given the 
ability to obtain information without the use of an iodine- 


g.27.2 Patient presenting with symptoms of renovascular hyperten- 
sion with suspected right-sided renal artery stenosis on pre-procedural 
MRA (a) and confirmed on angiography (b) after pressure measure- 


ments obtained. Axial slice from MRA (c) demonstrates ostial stenosis 
of the right renal artery, which arises approximately 30° ventrally along 
the right anterolateral aspect 
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based contrast agent [12]. Gadolintum-based MRA contrast 
unfortunately has been associated with nephrogenic systemic 
fibrosis (NSF) in patients with IN. Newer non-contrast MRA 
sequences with steady-state free precession (SSFP) and 
arterial spin labeling techniques as well as safer Gad-based 
contrast can overcome these problems. MRA uses magnetic 
fields and radiofrequency energy to produce high detailed 
images, which provide information in identifying RAS, vas- 
cular anatomy, renal anatomy, and technique planning. The 
negative predictive value of unenhanced MRA compared to 
CTA and digital subtraction angiography is 96% suggest- 
ing negative MRAs essentially nearly rule out renal artery 
stenosis [17, 18]. Newer techniques, such as blood oxygen 
level-dependent (BOLD) MRI, are being developed to pro- 
vide physiologic information that may help identify patients 
who will benefit from the intervention [19-22]. 


Physiologic Criteria: Catheter-Based 
Angiography with Pressure Measurements 


Catheter-based angiography is the gold standard for diagnos- 
ing significant renal artery stenosis [23]. Catheter arteriogra- 
phy has high spatial resolution for evaluating the main renal 
arteries as well as branch renal arteries. The anatomic mini- 
mum threshold of hemodynamically significant renal artery 
stenosis is a reduction in diameter greater than 70-80% [24, 
25]. Visual estimation of a stenosis based on angiography is 
notoriously inaccurate and must be confirmed by physiologi- 
cal/hemodynamic objective assessment with pressure gradi- 
ents across a stenosis. Hemodynamically significant stenoses 
include lesions with a peak systolic gradient of greater than 
10-20 mmHg or 10% of the peak systolic pressure [26-28]. 

Multiple studies have proven that pressure gradients 
are the most effective and reliable indicator for how well a 
patient will respond to angioplasty and stenting. Leesar et al. 
in 2009 and Mangiacapra et al. in 2010 compared systolic 
pressure gradients, renal fractional flow reserve, quantita- 
tive angiography, and intravascular ultrasound and found 
that systolic pressure gradients had the best receiver operator 
characteristic curve for predicting blood pressure response 
post-renal artery stenting [26, 28]. 


Renal Vein Renin Sampling 


Although the usefulness has been controversial, renal vein 
renin (RVR) sampling can be an additional physiological 


M. H. Schiffman et al. 


indicator of how much a renal artery stenosis is contrib- 
uting to a patient’s hypertension. In addition, it can be a 
useful predictor in determining which patients will benefit 
the most after revascularization for renovascular hyperten- 
sion [7]. Studies have shown, though, that RVR is neither 
sensitive nor specific enough to exclude patients who do 
not have RVH [29-32]. RVR secretion that lateralizes to 
the affected side, however, has a strong positive predictive 
value [33]. 

Venous samples should be taken from the right main 
renal vein, from the left renal vein, and from the infrare- 
nal IVC. The renin levels can be analyzed by the simple 
ratio method or the incremental ratio method. The simple 
ratio method takes the ratio of the RVR activity in the 
involved size divided by the activity in the non-involved 
side with a positive ratio being 1.5:1.0 (sensitivity 62% 
and specificity 60%) [7]. The incremental ratio method 
calculates the net secretion of the renin from each kid- 
ney. Hypersecretion of renin from the stenotic kidney 
([V—A]/A>50%) and contralateral suppression from 
the normal kidney are strong predictors of curability of 
hypertension with therapeutic revascularization for the 
affected kidney [30]. 

Potential pitfalls in RVR sampling, which can result in 
poor predictive values, include sampling renal veins in 
patients who are chronically blocked with ACE inhibitors 
or beta-blockers. In addition, failure to identify normal ana- 
tomic variants or accessory renal veins and not sampling dis- 
tal to the gonadal vein in the left renal vein can both lead to 
suboptimal studies [7]. 


Summary: Algorithms for Treatment 


Once clinical suspicion of renovascular hypertension or 
renal insufficiency is raised and a screening diagnostic exam 
is positive for renal artery stenosis, the anatomic and hemo- 
dynamic significance of the stenosis must be confirmed 
by pressure gradient, and the patient should be treated. A 
summary of the algorithm for workup and management in 
patients with suspected renovascular hypertension and renal 
insufficiency is shown in Fig. 27.3. 

Absolute contraindications to treatment include a hemo- 
dynamically insignificant stenosis and a medically unstable 
patient. Relative contraindications include a long-segment 
occlusion, an atrophic kidney, and a severely diseased aorta 
predisposing to increased risk of embolization of atheroma. 
Newer catheters and techniques performed by skilled opera- 
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Clinical Suspicion of 
Renovascular HTN and/or 
Ischemic Nephropathy 


Duplex Ultrasound 

Computed Tomography Angiography 
Magnetic Resonance Angiography 
Nuclear Medicine Scan with ACEi 


RVR Assay with ACEi 


Renal Angiography 
+ 


Pressure 
Measurement 


Fig. 27.3 Algorithm for the management of patients with renovascular 
hypertension secondary to suspected renal artery stenosis 


tors, however, allow interventionalists to proceed despite 
these relative contraindications [7] (Fig. 27.4). 


Diagnostic Catheter-Based Aortography 


Initial puncture is usually made through the common femo- 
ral artery. Interventional cardiologists and radiologists are 
increasingly using the radial artery, and vascular surgeons 
are increasingly using the brachial artery [34]. Specific ana- 
tomic considerations, which may affect the puncture selec- 
tion, have to be taken into account during pre-procedure 
planning and include the obliquity of the renal arteries at 
their origin from the aorta (see section “Tips”). 

After femoral puncture, a standard 10 cm 5 Fr vas- 
cular sheath is placed, and a flush catheter, such as a 4 Fr 
OmniFlush™ (AngioDynamics, Queensbury, NY) catheter, 
is used for standard aortography. The advantage of using the 
OmniFlush™ catheter is its ability to deliver a more concen- 
trated bolus to the area of interest because its side holes and 
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end hole are directed laterally and caudally [7]. The cath- 
eter is positioned at the T12—L1 interspace since the renal 
arteries usually originate at the upper endplate of the L1 
vertebral body. After aortography, the renal artery should be 
selected with a soft atraumatic wire, such as a Bentson wire, 
and a recurved catheter such as the Sos Omni selective™ 
(AngioDynamics, Queensbury, NY). Hydrophilic guidewires 
should be avoided as much as possible given their propensity 
to result in vascular perforation; however, if they are used 
to cross difficult stenosis, whenever possible, they should 
be exchanged for a non-hydrophilic wire. Multiple visceral 
recurved diagnostic catheters can be used for selecting the 
renal arteries including a Simmons, Sidewinder, Shepherd’s 
crook, and Sos Omni Selective™ or the nonrecurve Cobra. 
Tips for selecting the renal artery are discussed in greater 
detail below within the section “Tips.” 


Pressure Gradient Measurements 


After successfully crossing a lesion with a soft, atraumatic 
wire and a recurved catheter, the transtenotic pressure gra- 
dient should be measured, ideally with a 0.014” pressure- 
sensing wire [35]. This translesional gradient should then be 
compared to a simultaneous aortic pressure measured, ide- 
ally with a multichannel monitor. Serial alternating pressures 
can be compared if a multichannel monitor is not available. 
If a pressure-sensing wire is not available, pressure measure- 
ments can be obtained through a 4 Fr catheter; however, it 
is important to note that the catheter itself contributes to the 
existing stenosis [7]. Since visual assessment of anatomic 
stenosis is unreliable, even in seemingly very severe steno- 
sis, pressure gradients must always be measured. 


Angioplasty 


Percutaneous transluminal renal angioplasty (PRTA) is 
a nonsurgical method of improving blood flow within 
RAS. Balloons vary tremendously in length, diameter, shape, 
compliance, and material. Choosing a balloon depends on 
several factors, which include the length and severity of ste- 
nosis, diameter of the non-stenotic portion of the renal artery, 
tortuosity, and branching pattern. PTRA alone has been found 
to be more successful in non-ostial (1 cm from the origin) 
lesions and is indicated in stenosis due to either atherosclero- 
sis or fibromuscular dysplasia. In aRAS ostial lesions, PTRA 
alone fails in up to 75% of cases [36]; primary stenting is the 
preferred treatment. Complications from PTRA and stenting 
include distal embolization, cholesterol embolization, renal 
artery injury, and access site hematoma [7]. 
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Fig. 27.4 An 82-year-old female with refractory hypertension. (a) 
Imaging findings of left renal artery stenosis, right renal artery 
occlusion, and severe atheromatous aorta. (b) Angiography and pressure 
measurements confirmed left renal artery stenosis with a trans-stenotic 


Careful selection of the PTRA balloon diameter should be 
made. Generally, a balloon diameter that is 10% larger than 
the estimated “normal” diameter of the vessel based on the 
arteriogram is recommended. Sub 4 Fr balloon systems are 
used with 0.014”—0.018” guidewires or a 5 Fr balloon system 
with a 0.035” guidewire, if necessary [7]. A soft-tipped but 
relatively stiff shaft wire is used to select and cross the steno- 


mean arterial pressure gradient of 22 mmHg and severe suprarenal 
aortic plaque. (c) Successful stent placement across left renal artery 
stenosis 


sis, and patients are systemically heparinized once the lesions 
are crossed. The diagnostic catheter used to cross the steno- 
sis is then exchanged for a longer sheath/guide system or 
directly for the balloon catheter. Alternatively, the sheath can 
be introduced initially and all maneuvers performed through 
it. After placing the balloon markers across the lesion, the 
balloon is slowly inflated until it is fully inflated or has 
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reached its rated maximum pressure. In long-segment FMD, 
overlapping inflations may be necessary, starting distally and 
proceeding centrally. After removing the balloon catheter, a 
post-PTRA angiogram is performed, ideally utilizing a tech- 
nique that preserves wire position across the lesion. In addi- 
tion, a post-PTRA pressure gradient is performed to ensure 
that the gradient has resolved. This is the strongest indicator 
for posttreatment success [28]. 
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Stenting 


Renal artery stenting improves the efficacy of PTRA by off- 
setting the recoil force of arteries and atherosclerotic plaque, 
especially at the ostium [7]. Almost all aRAS stenoses at 
the ostium require a stent. After diagnostic angiography, 
the renal artery and stenosis are crossed, as described previ- 
ously in the renal angioplasty section (Fig. 27.5). Multiple 


Fig. 27.5 A 77-year-old female with refractory hypertension on ACEI 
and two additional antihypertensives with elevated plasma renin 
activity. (a) Ultrasound demonstrates elevated peak systolic velocity 
and elevated arterial resistive indices suggestive of renal artery stenosis. 
(b) MRA demonstrates severe stenosis at origin of right renal artery 
with post-stenotic dilatation. (c-j) A 4 French Sos Omni 2 catheter and 
a Bentson wire were used to select the right renal artery. Pressure 


measurements demonstrated a 49 mmHg mean arterial trans-stenotic 
pressure gradient. The Bentson was exchanged for a 0.018” Ironman, 
and the Sos Omni 2 Catheter and sheath were exchanged for a long 5 
French Ansel Sheath. A 5 x 15 mm Express Tm SD Renal and Biliary 
Pre-mounted (Monorail) Stent System (Boston Scientific, Marlborough, 
MA) was successfully placed in the proximal right renal artery 
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Fig. 27.5 (continued) 
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Fig. 27.5 (continued) 


techniques exist for proper stent deployment, in particular 
for renal ostial lesions. With renal artery stenting, a guid- 
ing catheter/sheath system is almost always used for stent 
deployment. The sheath or guiding catheter typically acts as 
support or “backbone” to help with crossing tight renal artery 
stenoses. In addition, it allows for contrast injections, while 
equipment including balloons, wires, and stents are in place 
[37]. A stent and dilating balloon, which will adequately 
cover the lesion, extend a few millimeters into the aorta and 
match the normal vessel diameter that is used. 

A 0.018” or 0.014” atraumatic wire and a diagnostic cathe- 
ter are utilized to cross the lesion, and the wire tip is positioned 
in the distal main renal artery or a proximal first- or second- 
order branch. The stent is pre-mounted on a balloon catheter 
and is delivered through a 5 Fr or 6 Fr guide sheath or catheter. 
In cases of severe stenosis, the 5 Fr sheath may be advanced 
through the stenosis to ascertain stent passage and then slowly 
withdrawn leaving the balloon/stent combination over the 
guidewire in the stenosis [38]. For low-profile pre-mounted 
Monorail balloon-expandable stents, after a stiff guidewire is 
placed across a lesion, the stent is positioned across the lesion 
with about 2 mm extending into the aorta. Accurate positioning 
is confirmed by injecting contrast through the sidearm of the 
sheath, the balloon is then inflated, and the stent is deployed. 
To achieve long-term patency, it is mandatory for the stent to 
cover the stenosis extending from the ostium into the aorta 
and a few millimeters distal to the stenosis. Completion arte- 
riography is performed through injection of the sidearm of the 
sheath after it is withdrawn into the proximal stent or aorta. 
Overlapping stents reduce patency; if they are necessary, 
approximately 2 mm of stent overlap is recommended. Gaps 
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within a series of stents may promote intimal hyperplasia. 
Once completed, repeated angiograms through the sheath and 
pressure measurements should be taken to evaluate position- 
ing, residual stenosis, or residual abnormal pressure gradients. 


Specific Situations 


Bilateral Renal Artery Stenosis and/or 
Occluded Renal Artery 


Treatment of bilateral renal artery stenosis should be per- 
formed during the same session, if possible. If both sides 
have lesions thought to be hemodynamically significant, the 
technically easier side, which is often that with the larger 
kidney, should be attempted first. If the first procedure is suc- 
cessful and both the operator and patient are still fresh, the 
second more difficult side can be attempted but rescheduled 
or postponed if significant difficulties are encountered. 

In cases of renal artery occlusion, recanalization should 
only be attempted if the patient is anatomically or physiologi- 
cally uninephric or after the contralateral kidney is success- 
fully treated. Criteria for intervention of an occluded renal 
artery include clinical significance and adequate kidney size, if 
a clear stump is seen on angiography and if there is increased 
renin production [39]. Pre-procedure planning with CTA or 
MRA will assist in determining the anatomy of the occlu- 
sion. A straight hydrophilic guidewire can be used to cross the 
occluded segment through a catheter which can pull/push the 
wire and catheter through the occlusion. Typically a stiff one 
piece 5 F AngiOptic Sos Omni™ or similar recurve selective 
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catheter is used; however, great care should be taken given the 
significant risk of vessel or collecting system perforation with 
the stiffer hydrophilic guidewire [40]. As soon as the occlusion 
is crossed, a control arteriogram through the sheath must be 
performed to ascertain that the wire tip is in the distal lumen. If 
the recanalization resulted in extravascular passage, the proce- 
dure should be stopped and the vessel observed for bleeding for 
at least an hour and even embolized if necessary. If the recana- 
lization was successful, the hydrophilic guidewire should be 
immediately exchanged with a non-hydrophilic soft platinum- 
tipped stiffer shaft wire and stenting continued. 


a 


il, 


Fig. 27.6 A 43-year-old female status post-kidney transplant with 
elevated creatinine and worsening hypertension 4 months post- 
transplant. Ultrasound and MR angiography findings were suggestive 
of stenosis of the transplant renal artery. The transplanted kidney renal 
artery anastomosis is to the right external iliac artery. Severe stenosis of 
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Transplant Renal Artery Stenosis 


Transplant renal artery stenosis is the most frequent vas- 
cular complication post-renal transplantation, most com- 
monly occurring between 3 months and 2 years [41]. Renal 
revascularization is the preferred treatment after medication 
regimen has failed and screening exam such as duplex ultra- 
sound and/or magnetic resonance angiogram demonstrates 
suspicion for renal artery stenosis (Fig. 27.6). In cases with 
recurrent stenoses or an ostial stenosis, such as at an end- 
to-side renal to iliac artery anastomosis, stenting is recom- 


the transplant artery at the anastomosis with post-stenotic dilatation (a) 
with successful placement of a 6 x 14 mm Express SD balloon- 
expandable stent (b, c). Post-angiography shows no residual transplant 
renal artery stenosis (d). (Courtesy of Dr. Darren Schneider, Weill 
Cornell Medical College) 
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mended. Angioplasty, alone, usually in an end-to-end renal 
to hypogastric artery anastomosis — a procedure now rarely 
performed — has a reported success rate of greater than 80% 
[42]. Stent placement has also been reported to have high 
clinical success, including significant early improvement of 
hypertension and creatinine, with minimal complications 
[43]. 88-100% clinical success rates have been reported 
based on clinical outcome such as hypertension control, 
reduction in antihypertensive drugs, and graft function and 
preservation [44, 45]. 

Diagnostic transplant renal arteriography is usually 
performed via a femoral artery approach. A contralat- 
eral approach is recommended in patients with an end-to- 
end anastomosis to the internal iliac artery and ipsilateral 
approach in patients with end-to-side anastomosis to the 
external iliac artery [46]. The angle of anastomosis is also 
important to assess in the pre-procedural phase. A nonselec- 
tive ipsilateral iliac angiogram is performed to exclude an 
inflow/pre-anastomotic problem. The transplant renal artery 
is then selected, and the stenosis crossed using a recurved 
catheter and a soft-tipped atraumatic wire. Pressure measure- 
ments should be obtained prior to treatment. If an arterial 
mean gradient greater than 10% is present, renal endovascu- 
lar revascularization is recommended [45]. 


Pediatric Patients 


Secondary hypertension due to renovascular hypertension 
is the cause of about 3.0-8.5% of patients with pediatric 
hypertension. The most common cause of renovascular 
hypertension in the pediatric population is fibromuscular 
dysplasia; however, other causes include Takayasu’s arteritis 
and neurofibromatosis I. Rarer causes include William’s syn- 
drome, Marfan syndrome, congenital rubella syndrome, and 
Kawasaki’s and Crohn’s disease [47]. 

Medical therapy should be first line in management for 
pediatric patients with RAS to allow for maximal body growth 
before any endovascular or surgical intervention. If medical 
therapy fails and signs of end organ damage are present, 
renal revascularization, specifically angioplasty, should be 
considered [48]. Renal artery stent placement should only be 
used in pediatric patients who develop flow-limiting dissec- 
tion after angioplasty, or focal arterial rupture [49]. Children 
with mid-aortic syndrome with hypoplastic proximal renal 
arteries do not respond to angioplasty. Vigorous attempts at 
angioplasty should not be made since rupture may result. 
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Tips 
Fluoroscopy Views 


Appropriate views should be obtained to best visualize the 
renal arteries, including their origin. The right renal artery 
usually arises approximately 30° ventral, and the left renal 
artery arises slightly dorsal to the “equator” of the aorta. 
Given these anatomic considerations, optimal obliquities 
should be obtained (Fig. 27.7). For example, a 30° left ante- 
rior oblique for the right renal artery should be obtained to 
optimize a profile view of the right renal artery ostium. If 
there is clinical suspicion for fibromuscular dysplasia, at 
least two oblique views of the bilateral renal arteries should 
be obtained [7]. Rarely, additional caudo-cranial and cranio- 
caudal angulations may need to clarify the anatomy. 


Avoidance of Contrast-Induced Nephropathy 


Iodinated contrast-induced nephropathy or acute renal 
failure is reported to occur in 1-6% of cases and in up to 
40-50% of diabetics with already compromised renal func- 
tion [50-52]. While iodinated contrast is required for at least 
some portions of the exam, carbon dioxide, or gadolinium 
can be used as a non- or less nephrotoxic contrast agent. In 
addition, N-acetylcysteine can be used as a nephroprotective 
agent in preventing contrast-induced nephropathy in high- 
risk individuals. Although its efficacy has been questioned, 
given the potential benefit, low likelihood of adverse effects, 
and low cost, its use is recommended in these cases [50-52]. 
Pretreatment hydration with saline and bicarb is the most 
effective, evidence-based tool to prevent or minimize neph- 
rotoxicity [50, 53]. 

The practice of iodinated contrast-sparing techniques dur- 
ing procedures is the most effective way to reduce the risk of 
contrast-induced nephropathy. The total amount of iodinated 
contrast medium should be limited. The nephrotoxicity of 
all iodinated contrast media, including low-osmolar ones, is 
related to the total volume and concentration of iodinated 
particle. Renal revascularization procedures can be per- 
formed with the use of 30-50% (or half strength) contrast 
medium (150 mg I/mL). In addition, catheter techniques dur- 
ing certain parts of the procedure, such as the “Sos Flick” 
technique (described below) during selection of the renal 
arteries, can result in significant reduction of contrast vol- 
ume for the entire procedure. 
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Fig. 27.7 Importance of the correct obliquity during stent placement. 
(a) 30° left anterior oblique projection demonstrates an appropriately 
placed right renal artery stent with a few millimeters projecting into the 
aorta. (b) 40° left anterior oblique projection demonstrates more than 
half the stent extending into the aorta. If the stent was placed in this 


Patients with Atherosclerotic Renal Artery 
Stenosis (aRAS) 


A significant concern when working within a diseased aorta 
in patients with aRAS is the risk of micro-cholesterol embo- 
lization and shifting of plaque during catheter manipulation 
[54]. Multiple techniques exist which can potentially reduce 
the risk of cholesterol embolization, including the growing 
use of embolization protection devices (EPD). 


projection, the stent would have been malpositioned, and the ostium 
would not have been covered. (c) Orientation of the right and left renal 
arteries along an axial plane. The right renal artery origin is 30° ventral, 
and the left renal artery is 7° dorsal to the mid-coronal plain of the aorta 


“No Touch” Technique 


A variation of the standard renal artery catheterization tech- 
nique is the “no touch” technique. This technique is used 
in patients with extensive atherosclerotic plaque within the 
aorta or patients with an ectatic aorta. The goal of the “no 
touch” technique is to prevent dislodgement of macroscopic 
or microscopic plaque which can then result in emboliza- 
tion (Fig. 27.8). The guiding catheter is positioned just below 
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catheter 


Fig. 27.8 “No touch” technique. A 0.035” guidewire is used to deflect 
the guide catheter away from the aortic wall, while a 0.014 guidewire is 
advanced through the aRAS 


the renal artery orifice. Two wires are advanced through the 
sheath. The first wire is a 0.035” wire which is advanced into 
the suprarenal aorta and “deflects” the catheter away from 
the aortic wall preventing dislodgement of atherosclerotic 
plaque from the wall. A second 0.018” or 0.014 ” wire is 
advanced through the sheath and used to select the renal 
artery [37]. 


The“Sos Flick” Technique 


The “Sos Flick” technique minimizes the extent of cathe- 
ter manipulations and minimizes contact of the diagnostic 
catheter with the diseased aortic wall [7]. An additional and 
important advantage of this technique is that it significantly 
reduces the amount of contrast used during test “puff” injec- 
tions when attempting to engage the renal artery origin with 
a catheter or wire (Fig. 27.9). The “Sos Flick” technique 
uses a Sos Omni Selective™ (AngioDynamics, Queensbury, 
NY). After the Sos Omni Selective catheter tip is reformed, a 
soft atraumatic guidewire is withdrawn until approximately 
1-2 cm of the wire extends from the catheter tip. The cath- 
eter, with the wire tip out, is slowly advanced cranially with 
the catheter tip pointing laterally in the plane of the origin 
of the renal artery. Once the wire engages into the stenotic 
origin of the renal artery, a characteristic lateral “flick” is 
noted. The wire and the catheter can then gently be advanced 
across the stenosis. 
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Use of Embolic Protection Devices and Platelet 
Inhibitors 


Micro-cholesterol embolization is a serious and potentially 
irreversible risk of all renal artery interventions. The risk of 
atheroembolism during a procedure is often underestimated 
and has been thought to be a significant contributor to renal 
failure after renal artery stenting [55]. The risk for emboliza- 
tion is present during all portions of renal artery revascular- 
ization including prior to selection of the renal artery within 
the aorta, as well as during catheter manipulations within the 
renal artery. Embolic protection devices (EPD) have gained 
popularity over the last couple of years, for the theoretical 
advantage of preventing showering emboli from lodging dis- 
tally and occluding branches [56]. 

None of the currently available EPDs has been specifi- 
cally designed for the renal artery. In most cases, EPDs have 
been approved for carotid artery stenting. Nevertheless, the 
popularity of EPDs in renal arteries has increased, although 
no level | evidence currently exists to support its use in this 
specific setting. 

A major limitation of current EPDs is the pore size of 
100 um of typical filter designs. During typical catheter 
manipulations in aRAS, millions of emboli smaller than 
10 um were produced; however, only a few particles 1 mm or 
larger were produced. Additional limitations include a guid- 
ing catheter or sheath which must be advanced across the 
renal lesion and limits the possibility to deploy stents using 
the “bareback” technique. The bulkiness of the EPD may 
also add to potential micro-cholesterol embolization distal 
to a stenosis while crossing a lesion [57]. Along with embo- 
lization, the technique also poses a risk for dissection and/or 
renal artery spasm. Finally, actually deploying a filter gener- 
ally requires a relatively long “landing zone” distal to the 
stenosis within the renal artery [58]. The main renal artery 
is approximately 40 mm long in adults, but early branching 
occurs in 20-30% of cases with the current combined length 
between filter and balloon stent systems being between 30 
and 35 mm. 

Holden et al. in 2003 and 2006 demonstrated the poten- 
tial benefits of EPDs including the most significant benefit of 
preserving renal function and preventing deterioration post- 
endovascular revascularization for aRAS [59]. The study 
evaluated 63 patients, and at 6 months follow-up, the renal 
function either improved or stabilized in 97% of patients. 
Another report described captured debris within 80% of pro- 
cedures with filter-type embolic protection device with 99% 
stabilization or improvement of renal function noted 2 years 
after stenting [55, 56]. The role of glycoprotein IIB/IIa inhib- 
itors/antiplatelet therapy such as abciximab has also been 
used extensively with EPDs. The Prospective Randomized 
Study Comparing Renal Artery Stenting (RESIST) With or 
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Fig. 27.9 (a-e) “Sos Flick” technique. As a Sos Omni Selective™ recurve-type catheter and small amount of wire are advanced cranially, the wire 


“flicks” laterally into the stenotic renal artery 
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Fig. 27.9 (continued) 


Without Distal Protection trial evaluated the role of an EPD 
and abciximab. Interestingly, the RESIST study compared 
four groups including patients who had renal artery stent- 
ing alone, stenting with an EPD only, stenting with abcix- 
imab only, and stenting with the combination of the EPD and 
abciximab. The only group shown to have a decrease in the 
decline of renal function/glomerular filtration rates were the 
patients with the combination of EPD and abciximab sug- 
gesting a synergistic effect between the two [55, 56]. The 
potential advantages of EPDs for renal artery revasculariza- 
tion may become routine, if additional studies can demon- 
strate level 1 scientific evidence. 


Patients with Fibromuscular Dysplasia (FMD) 


Multiple selective oblique views of the renal artery may 
be necessary to fully characterize the extent of renal artery 
stenosis in FMD patients. Patients with the medial form of 
FMD generally respond very well to low-pressure angio- 
plasty alone [60]. Patients with intimal fibroplasia are usu- 
ally resistant to angioplasty; however, in many cases over the 
course of several weeks to months, blood pressure improves, 
and the arteriographic appearance of the lesion becomes nor- 
mal. After a guidewire is passed across the stenosis, pressure 
measurements through a microcatheter or a 0.014 pressure- 
sensing wire is suggested (Fig. 27.10). Pressure measure- 
ments may be inaccurate because the passage of a catheter 
may open the offending flap-like membranes of the beaded 
stenosis, thereby providing a perceived reduction in pres- 
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sure. Intra-procedural Doppler can also be used to confirm 
the location and presence of the renal artery stenosis. 

After selecting the renal artery, a floppy tipped but stiff 
shaft guidewire should be used to cross the stenosis. A hydro- 
philic guidewire is not recommended because they are prone 
to cause dissection within the beaded stenoses of FMD. The 
risk of dissection is elevated in these cases, and great care 
should be taken when attempting to cross a stenosis with any 
wire. Maneuvers such as having the patient cough or take a 
deep breath and exhale to change the orientation of the wire 
tip to the stenosis may be beneficial. Once the stenosis is 
crossed, a selective arteriogram over the guidewire is rec- 
ommended as the initial location and length of the stenosis 
may change with the presence of the guidewire. Angioplasty, 
mostly with low-pressure inflations, should effectively elimi- 
nate the beaded stenosis completely. If a stenosis persists, 
re-dilating with a 1 mm greater balloon diameter can be con- 
sidered. A completion renal arteriogram is necessary post- 
angioplasty to ensure complete resolution of the stenosis and 
to evaluate for any complications. 

Treatment of fibromuscular dysplasia can be more chal- 
lenging than treatment of atherosclerotic renal disease. 
FMD lesions are not uncommonly located within the distal 
main renal artery, branch points, and intrarenal branches, 
and treatment of these areas can be difficult. Percutaneous 
transluminal renal angioplasty (PTRA) is still the first line 
of treatment for these locations. In fact, technical outcome 
has been shown to be successful with PTRA alone with 
results shown to be similar to those reported for the main 
renal artery [61]. Smaller balloon systems (0.014—0.018 in. 
balloon catheter systems) are low in profile and flexible and 
track better than the larger systems allowing for use in these 
intrarenal locations [62]. 

Rupture of the renal artery during treatment is uncom- 
mon and occurs in approximately 2—6% of cases. Rupture 
occurs most often in association with complex fibromus- 
cular dysplasia lesions. Initial treatment to stop the leaking 
is with prolonged balloon inflation. Depending on the size 
and severity of the rupture, other options for treatment may 
be required. In some cases, covered stents can be used to 
exclude the area of rupture. In more severe situations, open 
surgery may be necessary after initial hemostasis is achieved 
with a balloon [63, 64]. 


Outcomes 


Percutaneous renal revascularization, compared to surgi- 
cal techniques, is safe, fast, and better tolerated with long- 
term patency rates comparable to open bypass [65]. In the 
appropriately selected patient population, revascularization 
with angioplasty and stenting produces excellent results that 
have been shown to both reduce systemic blood pressure and 
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Fig. 27.10 A 34-year-old female patient with refractory hypertension 
secondary to bilateral fibromuscular dysplasia (a) on three 
antihypertensives prior to treatment. Pressure gradient across stenosis 
prior to angioplasty measured approximately 100 mmHg for each renal 


preserve or even improve renal function [66-68]. Recently, 
however, there has been great controversy regarding the ben- 
efits of renal artery stenting versus treatment with medical 
therapy alone. However, these studies have been plagued 
with significant limitations, notably poor patient selection 
and unexperienced operators at study sites. 

In 2009, the Stent Placement in Patients with 
Atherosclerotic Renal Artery Stenosis and Impaired Renal 


artery. Successful angioplasty performed for both renal arteries with the 
right shown above (b-—d). Patient was subsequently weaned off of all 
three antihypertensives 


Function (STAR) trial compared medical treatment of renal 
artery stenosis with medical treatment and stent place- 
ment in 150 patients across 10 European centers. The study 
concluded that intervention had minimal or no benefit and 
ensued a high complication rate. However, the validity of the 
conclusions was questionable because the study was under- 
powered and included many patients with less than 50% 
stenosis. In addition, pressure gradients were not used to 
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evaluate the stenoses. Given the poor patient selection, these 
results are not unexpected [69, 70]. 

The Angioplasty and Stenting for Renal Artery Lesions 
(ASTRAL) trial in 2010 was a large randomized study to 
evaluate the effectiveness of catheter-based interventions in 
patients with “substantial” renal artery stenosis whose physi- 
cians were not certain whether the patients should have stent- 
ing or medical therapy. ASTRAL randomized 806 patients to 
renal artery stenting with medical therapy or medical therapy 
alone. Again, the authors of this study concluded that there 
was no additional clinical benefit from renal artery stenting 
over and above medical treatment given the risks for intra- 
procedural complications. Similar to the STAR trial, patient 
selection was a major flaw. Many patients with less than 70% 
stenosis were included in the study, and some patients with 
greater than 70% of stenosis (patients who would have been 
expected to benefit) were excluded. In addition, visual esti- 
mates of stenosis are notoriously unreliable, and pressure 
gradients were not obtained [71]. Finally, there was signifi- 
cant variability of operator experience given that there were 
56 participating centers, with only 5 centers enrolling more 
than 30 patients and 45 centers enrolling 10 or fewer patients 
[7172]: 

The Cardiovascular Outcomes in Renal Atherosclerotic 
Lesions (CORAL) trial published in January of 2014 was the 
largest trial to evaluate catheter-based intervention compared 
to medical therapy [4]. The trial included 947 patients who 
were randomized at more than 100 sites to two intervention 
groups: (1) renal artery stent placement and medical therapy 
and (2) medical therapy alone. The study evaluated clinical 
events such as mortality, stroke, heart attacks, and progres- 
sive kidney disease. CORAL concluded that renal artery 
stenting, when added to comprehensive, multifactorial medi- 
cal therapy in patients with renal artery stenosis and hyper- 
tension or chronic kidney disease, did not have significant 
benefit in preventing clinical events. 

Again, patient selection was a major flaw. Along with 
the STAR and ASTRAL studies, the CORAL study did not 
routinely measure pressure gradients, and thus, the number 
of patients with a hemodynamically significant aRAS with 
clearly defined indication for renal artery stenting is not 
known. Additionally, some patients were not included in the 
randomized study because they or their physicians thought 
that they would benefit from stenting. 

Early in the study, CORAL authors attempted to correct 
inadequate criteria for patient selection in the ASTRAL and 
STAR trials. They proposed to identify patients with clini- 
cally and hemodynamically significant renal artery stenosis 
by the following inclusion characteristics: systolic blood 
pressure greater than 155 mmHg on at least two antihy- 
pertensive medications, stenosis of at least 60%, and renal 
artery systolic pressure gradient of greater than 20 mmHg in 
patients with 60-79% stenosis. These criteria were dropped 
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or eased early in the study to increase patient and study site 
recruitment. Patients with RAS detected by duplex ultra- 
sound, MRA, and CTA were included. 

CORAL attempted to address a limitation in previous 
studies of inter-observer and intra-observer variation in inter- 
preting the severity of stenosis of angiographic images by 
including computerized measurement in the core laboratory. 
However, because most lesions are ostial, the measurement 
of pre-stenotic segment is limited or impossible. Comparison 
is also made to the post-stenotic segment; however, this mea- 
surement is also limited because the post-stenotic segment 
can undergo dilatation or collapse in more severe cases. 

The patients included in the CORAL trial had an average 
stenosis of only 67% by core lab. In dog studies, hemody- 
namically significant stenosis was not seen until renal artery 
constriction by US was greater than 75%, and in humans, 
renin secretion was only observed in patients with greater 
than 80% stenosis; thus, it is highly likely that the CORAL 
patients with less than 70% stenosis may not have been 
hemodynamically significant. 


Conclusion 


Endovascular catheter-based renal revascularization is safe 
and effective in carefully selected patients who have clini- 
cally and hemodynamically significant renal artery disease. 
Experienced operators should perform renal artery angio- 
plasty and/or stenting using the best available techniques. 
Clinical signs and symptoms combined with a choice from 
a plethora of appropriate laboratory tests and noninvasive 
diagnostic imaging assist in identifying patients who could 
benefit from the intervention. Ultimately, confirmation with 
an elevated trans-stenotic arterial pressure gradient should 
direct whether to proceed with endovascular treatment. 
Despite the recent large negative retrospective trials discour- 
aging the use of endovascular revascularization, in appropri- 
ately selected patients, endovascular revascularization can 
prevent progression of renal failure and control secondary 
hypertension and ultimately preserve kidneys. 
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Vesicoureteral Reflux 


Vesicoureteral reflux (VUR) is defined as the backflow of 
urine from the urinary bladder into the ureters. The preva- 
lence of VUR in healthy children — from newborns to 
18 years old — is 9%, whereas it is 31.1% for children with 
previous episodes of urinary tract infection (UTI) [1]. The 
etiology of VUR has been studied, and two major theories 
have been proposed as responsible of this condition. The 
first one follows the concept that most congenital abnor- 
malities of the upper urinary tract (UUT) are consequences 
of urinary obstruction, and the repercussion depends on the 
gestational age [2]. The second theory states that occur- 
rence of VUR and renal abnormalities are associated with 
abnormal locations of the ureteral orifice [3]. VUR can lead 
to the development of long-term consequences in some 
patients. Swerkersson et al. showed that 26% of patients 
with VUR have permanent renal damage according to 
dimercaptosuccinic acid (DMSA) scintigraphy results [4], 
and Seikaly et al. reported in a study on 4666 patients with 
chronic kidney disease (CKD) demonstrating that 8.7% are 
secondary to reflux nephropathy [5]. Several independent 
predictive factors have been described: proteinuria, time 
elapsed since VUR diagnosis, microalbuminuria, and renal 
scarring are independent predictors of a reduced global 
estimated glomerular filtration rate (eGFR). Furthermore, 
bilateral renal scarring showed to be an independent pre- 
dictor of CKD [6]. Therefore, appropriate management of 
patients with VUR is critical to prevent adverse outcomes. 
The treatment alternatives for this pathology can go from 
watchful waiting to open surgery. Treatment is determined 
by grade of the disease, which is defined by voiding cysto- 
urethrogram (VCUG). 
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Voiding Cystourethrogram 


VCUG is the gold standard for VUR diagnosis. This radio- 
logical study classifies the disease in five distinct grades 
based on the international system of radiographic grading of 
vesicoureteral reflux: 


e Grade I: VUR does not reach the renal pelvis. 

e Grade II: VUR extending up to the renal pelvis without 
dilatation. 

e Grade III: Mild or moderate dilatation and/or tortuosity of 
the ureter and renal pelvis. No or slight blunting of the 
fornices. 

e Grade IV: Moderate dilation and/or tortuosity of the ure- 
ter, renal pelvis, and calyces. Complete obliteration of the 
sharp angle of the fornices but maintenance of the papil- 
lary impressions in the majority of calyces. 

e Grade V: Gross dilatation and tortuosity of the ureter, 
renal pelvis, and calyces. The papillary impressions are 
no longer visible in the majority of the calyces [7] 
(Fig. 28.1). 


Screening 


Three major strategies have been proposed in order to iden- 
tify patients with clinically significant VUR. The American 
Association of Pediatrics (AAP) published a guideline in 
2011 where they recommend a renal and bladder ultrasound 
(RBUS) during the first 2 days of a febrile UTI (FUTI), fol- 
lowed by VCUG if the ultrasound (US) reveals hydronephro- 
sis, scarring, or any other finding that suggests high-grade 
VUR or obstructive uropathy, or after the second FUTI [8] 
(Fig. 28.2). On the other hand, the National Institute for 
Health and Care Excellence (NICE) recommends that chil- 
dren with FUTI should get a RBUS if the patient is 6 months 
old or younger or has an atypical UTI. VCUG is recom- 
mended if there are abnormal findings on the RBUS or 
atypical UTI, and DMSA scintigraphy should be performed 
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Voiding cystourethrogram showing grade III right vesico- 
ureteral reflux 


TISO.3 MI 1.3 


POST VOID 
+ Dist 0.739 cm 


Rt Kidney Trans 


Fi Ultrasound displaying right hydronephrosis associated to a 
renal parenchyma scar 


4—6 months after the UTI if atypical UTI was present [9]. 
The top-down approach suggests an acute DMSA to evaluate 
renal parenchyma affection and VCUG and DMSA after 
6-12 months in those patients who have alterations in the 
acute DMSA [10, 11]. 


J. Daza and J. P. Sfakianos 


Screening of siblings of patients with VUR is recom- 
mended by the American Urological Association (AUA) 
with VCUG or radionuclide cystogram (RNC) if there are 
evidence of renal abnormalities or renal asymmetry on ultra- 
sound or if there is a history of UTI in the sibling who has not 
been tested [12]. 


Ultrasound 


Perisinakis et al. demonstrated that radiation exposure asso- 
ciated with VCUG in pediatric patients should be strongly 
considered [13]. Novel methods with less radiation exposure 
ought to be used whenever possible since the data have not 
found strong evidence supporting the use of US to predict 
VUR in children after their first UTI [14]. Conversely, void- 
ing ultrasonography, which uses echo-enhancing agents, has 
improved the ultrasonographic detection of urine flow in the 
urinary tract. The detection of hyperechoic microbubbles in 
the ureter or renal pelvis is indicative of VUR [15]. 
Piskunowicz et al. compare VCUG and voiding US (VUS) 
with second-generation US contrasts agents (UCAs) and 
found that both methods are comparable and may be per- 
formed alternatively. However, in some cases, where increase 
bladder pressure is present such as in non-cooperating or 
crying children, a quick degradation of the UCAs occurred 
[16]. US is widely known for being operator dependent; 
hence, inter-observer variability could impact the effective- 
ness of this technique. Wong et al. conducted a study to eval- 
uate the diagnostic performance and inter-observer variability 
between VCUG and VUS and found perfect inter-observer 
agreement and higher reflux detection in patients who had a 
VUS. No complications were observed in either of the two 
groups [17]. VUS using second-generation UCA could 
become an alternative method to diagnose VUR because of 
its high efficacy, safety radiation-free, and reliable character- 
istics [18], but further studies need to be done. 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) seems to be a good 
alternative to evaluate children with suspect VUR. It com- 
bines functional and anatomic information provided by the 
nuclear scans, VCUG, and US in a single study with no ion- 
izing radiation [19]. However, MRI techniques are expensive 
and require sedation in most children, among other draw- 
backs [20]. Although it is not considered the gold standard 
for VUR, it could be used as an alternative method when 
conventional studies are inconclusive [21]. Cerwinka et al. 
conducted a study demonstrating that magnetic resonance 
urography (MRU) performance is similar to DMSA scan in 
the identification of renal parenchyma defects, but the for- 
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mer had better inter-observer agreement [22]. A modified 
VCUG which uses MRI (MRVCUG) instead of ionizing 
radiation could detect the presence and severity of VUR in 
children and adolescents specially when high-grade disease 
(I-V) is present [23]. Although some interest has arisen in 
MRI techniques for the detection of VUR and renal scars, the 
clear role of this remains to be elucidated. 


Nuclear Studies 


The risk of renal scarring in patients with VUR is signifi- 
cantly higher compared to healthy children [24]. Renal scar- 
ring can lead to reflux nephropathy which presents with 
proteinuria hypertension and progressive renal failure in 
adults [25]. It has been reported that DMSA scans outper- 
form RBUS on detecting renal scarring. DMSA scintigraphy 
detects renal scars in 35% of kidneys reported as normal in 
RBUS [26] and detects cortical defects in numerous patients 
who had suffered from a febrile UTI and did not show a cor- 
tical abnormality in the RBUS [27]. Therefore, DMSA scin- 
tigraphy should be included in the evaluation of patients with 
high risk of renal scarring (Fig. 28.3). 

On the other hand, direct radionuclide cystography 
(DRNC) has been reported to have an important role in the 
detection of VUR in patients with normal VCUG and past 
history of hydronephrosis, abnormal acute DMSA, and or/ 
recurrent febrile UTI [28]. DRNC allows diagnosis, staging, 
and follow-up of VUR patients. The severity of the reflux 
defined by DRNC grades is an independent predictor factor 
of the disease prognosis [29]. High-grade reflux is defined as 
the presence of findings equivalent to grade IV—V described 


Fig. 28.3 Dimercaptosuccinic acid renal scan showing renal scars (red 
arrows) 
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previously by the international system of radiographic grad- 
ing of vesicoureteral reflux for VCUG, whereas a low-grade 
reflux is defined as the presence of equivalent findings to 
grade II or grade III [30]. Studies on radionuclide cystogra- 
phy (RNC) have shown that siblings of patients with VUR 
should be screened with this instrument, given the increased 
risk of suffering from this condition and the low dose of ion- 
ization radiation [31]. Unver et al. compared the performance 
of VCGU and DRNC showing that VCGU gives more ana- 
tomical and grading details, whereas DRNC had low gonadal 
radiation exposure and continuous monitoring possibility 
during the procedure. Therefore, DRNC could be used as an 
alternative method in selected cases [32]. However, VCGU is 
still the gold standard for the evaluation of VUR [33]. 


Posttreatment Follow-Up 


The AUA recommends that patients with history of VUR and 
kidney abnormalities in US or DMSA should be followed up 
annually in order to evaluate blood pressure, height, weight, 
and urine analysis to rule out proteinuria or UTI after resolution 
of the VUR spontaneously or after a surgical procedure [12]. 


Urinary Tract Infections 


Every year around one million UTIs are treated in the emer- 
gency departments across the United States. The female to 
male ratio is 6:1. UTIs can be classified based on the com- 
plexity of the disease as complicated or uncomplicated. A 
complicated UTI is present when it coexists with functional 
or anatomical abnormalities. Complicated UTIs have a higher 
risk of adverse outcomes. The diagnosis of an uncomplicated 
UTI is based on clinical symptoms and urine dipstick analy- 
sis. Conversely, patients with complicated UTI, suspected 
acute pyelonephritis, or symptoms that do not resolve or recur 
2-4 weeks after finalization of the treatment, pregnant 
women, male patients, women who present with atypical 
symptoms, and patients with indwelling urinary catheters, 
renal diseases, and/or immunocompromising diseases should 
get a urine culture [34] and imaging diagnosis [35]. 


Ultrasonography 


US is a noninvasive technique that allows the anatomic 
assessment of the genitourinary tract. It helps the clinician to 
rule out life-threatening conditions that may require a more 
aggressive approach. US detected 11.2% of patients with 
hydronephrosis or abscess in some studies [36] and has a 
reported sensitivity and specificity for detecting pyonephro- 
sis of 62% and 100%, respectively. Therefore, additional 
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Fig. 28.4 Ultrasound showing right renal abscess 


procedures are necessary to evaluate patients with UTI espe- 
cially when urosepsis and hydronephrosis are present [37] 
(Fig. 28.4). 

The role of Doppler US in UTI assessment has been also 
evaluated in children. A study by Dacher et al. in 30 children 
with UTI revealed that 89% of patients with acute pyelone- 
phritis diagnosed previously by computed tomography (CT) 
scan were also detected with Doppler US. Therefore, Doppler 
US seems to have better performance than regular US for 
detection of acute pyelonephritis [38]. However, the detection 
of hypovascular lesions on Doppler US is not specific and may 
be caused by pyelonephritis, infarcts, and renal abscesses. 
Hence, diagnostic tests such as contrast-enhanced CT scans 
are usually required to make a correct diagnosis [39]. 


Computed Tomography Scan 


Hoddick et al. compared the performance of contrast- 
enhanced CT in a study, in patients with UTI and urosepsis. 
Contrast-enhanced CT scan correctly diagnosed all renal and 
perirenal abscesses, while US failed to detect a patient with 
multiple microabscesses and another patient with a gas- 
forming perinephric abscess. In one case, US only detected 
one out of four bilateral renal abscesses. In the five patients 
with focal or multifocal nephritis, CT was able to detect 
abnormalities in all the cases, while US missed the detection 
of three of those patients [40]. June et al. also compared the 
performance of contrast-enhanced CT scan versus US and 
found that CT scans detected an abnormality in 18 out of 28 
patients with acute pyelonephritis and 3 of 4 patients with 
urosepsis, whereas US detected renal alterations in only 8 
patients: 4 with findings suggestive of acute pyelonephritis 
and 4 cases with intrarenal abscess (Fig. 28.5) or focal 


Fig. 28.5 Contrast-enhanced CT scan showing right upper pole renal 
abscess (red arrow) 


nephritis [41]. Finally, Soulen et al. reported that US failed to 
detect 60% of cases with acute bacterial nephritis and 47% 
of patients with renal abscesses diagnosed with contrast- 
enhanced CT scan in a cohort of 62 patients. However, in one 
case, CT scan led to misdiagnosis of a renal abscess as a 
kidney tumor [42]. CT scan is a better study to detect poten- 
tial renal abnormalities in patients with UTI and also helps in 
the detection of other alterations of the urinary tract such as 
kidney stones and hydronephrosis among other possible con- 
comitant and life-threatening conditions. 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) is not widely used in 
the evaluation of patients with UTI. Preclinical studies have 
been done to evaluate the role of MRI in this regard. Studies 
on MRI in piglets with induced pyelonephritis reported that 
contrast-enhanced fast multiplanar inversion-recovery 
imaging had a sensitivity of 85-92% and a specificity of 
94-95% for detection of pyelonephritis [43]. Pennington 
et al. compared gadolinium-enhanced MRI and cortical 
scintigraphy in children with pyelonephritis showing that 
pyelonephritis was detected in 26 cases with MRI and scin- 
tigraphy, 12 kidneys were positive only in MRI, and 4 
patients were positive in scintigraphy alone. The positive 
agreement for the presence of pyelonephritis was 0.85 and 
0.57 for MRI and scintigraphy, respectively, while the 
agreement in regard to no finding of pyelonephritis for MRI 
was 0.88 whereas for scintigraphy 0.80 [43]. MRI might be 
useful in patients who cannot receive iodinated contrast 
[44]. However, it is not cost-effective, and sedation is 
required for most children. 
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Nuclear Medicine 


Cortical scintigraphy is widely use in children to detect renal 
abnormalities during and after FUTI. The detection rate of 
cortical scintigraphy versus US is 78% and 11%, respec- 
tively [45]. Sreenarasimhaiah and Alon compared renal US, 
99mTC glucoheptonate renal scan, and VCUG in children 
with UTI. Among 96 patients who had US and renal scans, 
53 had abnormal scan, and 28 had an abnormal US. Therefore, 
32 cases with renal alterations were not detected by US. US 
detected abnormalities in seven patients that were not 
detected by renal scans including moderate pelvic dilatation 
caused by reflux, which was confirmed in subsequent 
VCUG. When VCUG and renal scan were performed, 96.9% 
of the cases with renal pathology were diagnosed [46]. 

Cortical scintigraphy is not widely used in adults. A pro- 
spective study conducted by Fraser et al. in a cohort of 164 
patients who had intravenous urography (IVU), CT, and 
DMSA scans showed that 46 patients had an abnormality on 
IVU. Among 106 patients who did not have cortical scarring 
on IVU, 59 had a defect in DMSA and/or CT scan. Late 
DMSA showed persistence of the scar in 77% of patients 
[47]. In adults, focal areas of decreased uptake on renal corti- 
cal scan are not specific for acute pyelonephritis and may be 
indicative of other conditions such as tumors, cysts, infarcts, 
and abscesses [48]. 


Posttreatment Follow-Up 


UTI should be monitored during antibiotic treatment. When 
the condition does not resolve or recurs within 2—4 weeks 
after treatment completion, patients should have a thorough 
evaluation including imaging [35]. If predisposing condi- 
tions for UTI are suspected, appropriate evaluation of such 
predisposing factors is needed. 


Ureteral Strictures 


Ureteral strictures can be classified as intrinsic or extrinsic. 
Extrinsic ureteral strictures are caused by abdominopelvic 
malignancies, retroperitoneal fibrosis, aneurysms, trauma, 
and surgical complications. On the other hand, intrinsic ure- 
teral strictures can be caused by ureterolithiasis, radiation, 
ureteral malignancies, or iatrogenic trauma [49]. Iatrogenic 
causes account for 35% ureteric strictures cases. The most 
frequent cause of iatrogenic ureteral strictures is gynecologic 
operations, which is responsible for 74% of cases. Benign 
cases cause 35% of ureteral strictures, and impacted calculi 
are the most frequent cause among this subset of patients 
(65%). Idiopathic cases are responsible for 20% of cases, 
and malignancies are the cause in 10% of patients with this 


445 


condition [50]. Several variables need to be evaluated before 
deciding whether or not surgery is required and in the plan- 
ning of the procedure. Renal function of the affected side and 
length and location of the stricture are characteristics that 
define the management in each case. Therefore, imaging 
diagnosis plays an important role in this condition. 


Computed Tomography Scan 


CT urography (CTU) allows a systematic evaluation of sev- 
eral ureteral abnormalities including congenital abnormali- 
ties, filling defects, dilatation, narrowing, and deviation [51]. 
The clinical indications for a CTU are hematuria, suspected 
upper tract urothelial carcinoma (UTUC), hydronephrosis 
without a known case, complicated UTI, suspected ureteral 
injury, and clinical symptoms that warrant a comprehensive 
evaluation of the urinary tract [52]. It is important to recog- 
nize patterns suggestive of certain ureteral conditions. 
Unilateral delayed pyelogram can be caused by a partial 
obstruction of the collecting system. The renal pelvis is usu- 
ally dilated, and stones, clots, tumor, or extrinsic compres- 
sion of the ureter may cause the obstruction. Slow blood flow 
to the kidney can also cause this pattern. The differential 
diagnosis in this case is renal artery stenosis, extrinsic arte- 
rial compression, and subcapsular processes interfering with 
normal renal perfusion. Slow blood flow out of the kidney is 
also a cause of delayed pyelogram and nephrogram and can 
be a consequence of complete or partial renal vein occlusion 
or compression [53]. The positive predictive value (PPV) of 
CT urography for UTUC is 53%. However, if a discrete mass 
is present, it goes up to 83% [54]. Sudah et al. conducted a 
study in a cohort of 20 patients that were evaluated with 
3.0 T MRI urography (MRU) and CTU to exclude 
UTUC. Both methods detected benign etiologies in seven 
patients. Moreover, one extraurinary tumor was diagnosed. 
Since MRU is a method with no ionizing radiation and com- 
parable performance to CTU, it can be considered a valuable 
diagnostic tool in cases were ureteral strictures are suspected 
[55]. The most important findings to be aware of in CTU are 
ureteral wall thickening, particularly when it is focal or com- 
promise of a short segment because it is more likely indicat- 
ing ureteral malignancy. Other suspicious findings are filling 
defects, calcifications, asymmetric hydronephrosis, or 
hydroureter [54] (Fig. 28.6). 


Magnetic Resonance Urograms 


Magnetic resonance urography (MRU) was first described 
on heavily T2-weighted images that visualized static or slow 
flowing fluids. Then a technique of excretory MRU was 
reported using Gd-DTPA enhancement on T1-weighted 
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images in gradient echo-sequences. More recently, develop- 
ment of rapid acquisition sequences (HASTE) has been 
described in order to improve the detection of pathological 
conditions of the urinary tract [56]. Zielonko et al. conducted 
a study in 60 patients who had a MRU to exclude upper uri- 
nary tract (UUT) pathologies. The sensitivity and specificity 
for detecting UUT dilatation was 100% for both parameters. 
Results were compared to other imaging techniques such as, 
IVU, CT and US [57]. The correlation of the results across 
the different imaging techniques in ureteropyelic junction 
stenosis (UPJ) and malignant-induced stenosis in regard to 
degree of ureterohydronephrosis was 100%, whereas for 
benign-induced stenosis the correlation was 92%. Ureteral 
stones were detected in 46% of patients. The stone was visi- 


Fig. 28.6 CT urogram displaying mild left hydronephrosis associated 
to a filling defect compromising renal pelvis, upper calices, and proxi- 
mal ureter 
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ble as a signal void against the background of urine column. 
The diagnosis of UPJ stenosis was made based on exclusion 
of intramural lesions and changes in adjacent structures. In 
patients with surgical past history of radical cystectomy for 
bladder cancer, complete correlation of MRU finding of 
uretero-ileal anastomosis stricture with clinical verification 
was observed. MRU combined with conventional MR 
sequences correctly excluded malignant tumors in 91% of 
cases. Infiltration of the urinary tract was diagnosed in 83% 
of cases in patients with malignancy-induced strictures. 
Kappa coefficients for right- and left-side pathologies induc- 
ing hydronephrosis were 0.97 and 0.91, respectively, @for 
obstruction level were 0.97 and 0.96 for right and left side 
pathologies respectively, and the inter-observer agreement 
for the cause of the obstruction was 0.93. Gd-DTPA enhance- 
ment was performed in 12 patients. Clear urograms were 
obtained in 11 out of those 12 patients. Estimation of ure- 
terohydronephrosis degree and level of obstruction com- 
pletely correlated with clinical verification even in patients 
with mild ureterohydronephrosis. The one patient who failed 
to obtain a clear urogram had a non-functioning kidney [57]. 
Therefore, MRU is a good technique for the assessment of 
the urinary tract (Fig. ). 


Nuclear Studies 


Diuretic renography is done as an outpatient and noninvasive 
procedure with less radiation exposure than IVU. It allows 
the differentiation between non-obstructive or obstructive 
hydronephrosis based on the washout of radionuclide- 
labeled urine with DTPA after administration of furosemide 
[58]. Based on the morphology obtained in the curves, the 


Fi 7 (a) MRI with upper tract tumor (red arrow). (b) MRI urogram showing distal ureteral stricture associated with grade III 
hydronephrosis 
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results can be classified as obstructive hydronephrosis, non- 
obstructive hydronephrosis, non-function pattern, and nor- 
mal. Iretron et al. analyzed the result of diuretic DTPA 
renography in 18 patients with possible UPJ stenosis and 22 
children with dilated ureters and suspect of ureterovesical 
junction obstruction. All the patients with suspected UPJ had 
obstructive renography, which was confirmed at surgery. 
Moreover, five out of six patients who had surgery had a non- 
obstructive pattern in the postoperative follow-up. One 
patient who underwent surgery had a non-function pattern. 
Diuretic renography also showed to be effective in detecting 
ureteroneocystostomy patency [59]. Tasca et al. conducted a 
study in 29 patients with suspected UPJ stenosis on an 
IVU. Nineteen patients had a modest or almost absent fall of 
renographic curve. Normalization of the renographic pattern 
was observed in 17 after surgery, while 4 failed to show an 
impact in the study. Therefore, renography provides infor- 
mation regarding anatomical and functional status of renal 
units and is a good follow-up method after pyeloplasty [60]. 


Interventional Ureteral Diversions 
Ureteral Stents 


Ureteral stents are common devices that help the urinary 
flow from the kidney to the bladder. Multiples indications 
have been described for ureteral stent placement. The most 
common ones are stones, UUT obstruction, intraoperative 
placement during urological surgeries that require a secure 
pathway for urinary drainage to prevent obstruction or uri- 
nary leakage, conservative management of trauma, external 
compression due to intra-abdominal malignancies, and after 
endoscopic urological procedures. Ureteral stents are most 
frequently placed by retrograde endoscopic or percutaneous 
anterograde approaches guided by fluoroscopy (Fig. 28.8). 
They are also frequently placed during open, robotic, or lap- 
aroscopic procedures. These devices are usually removed 
endoscopically or pulled from sutures strings attached to the 
stent. Different improvements of these medical devices have 
been incorporated such as antireflux technology, surface 
coatings including antimicrobial substances, brush polymers 
to decrease bacterial adhesions, and degradable stents [61]. 
Ureteral stents have shown to promote stone passage 
when small and distal calculi are present [62]. Furthermore, 
ureteral stents have shown to enable an easy accommoda- 
tion of the ureteroscope after a failed procedure due to a 
narrow ureter in 98% of cases. Those cases that have a suc- 
cessful ureteroscopy in spite of ureteral resistance after 
stent positioning are at increased risk of ureteral strictures. 
However, the incidence of ureteral strictures in those 
patients is only 5% [63]. Although ureteral stents were rou- 
tinely used after ureteroscopic procedures for stone dis- 
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Fig. 28.8 Fluoroscopy showing adequate ureteral stent position show- 
ing the proximal end coiled in the renal pelvis. Contrast in renal pelvis 
and calices showing pyelocaliceal anatomy 


ease, the evidence suggests that they should be used in 
selected cases. Isen et al. conducted a study in patients who 
had ureteroscopic lithotripsy without dilation for lower ure- 
teral stones larger than 1 cm. They found that if extraction 
of all fragments >4 mm was performed, ureteral stents 
were not routinely necessary [64]. 

On the other hand, ureteral metallic stents have been used 
specially for management of UUT obstruction due to extrin- 
sic ureteral compression in patients with intra-abdominal 
malignancies. The evidence of which stent is more suitable 
for these cases is lacking. The evidence seems to be more 
robust for metallic stents than tandem or metal-mesh stents 
[65]. The cost of metal-mesh or metallic stents is higher, but 
the need of less frequent exchanges equilibrates the cost- 
effectiveness across the different devices [66]. Metal and 
metal-mesh stents seem to have higher incidence of encrust- 
ing and migration, while tandem stents produce the same 
symptoms as single stents. Therefore, more randomized pro- 
spective studies are needed to allow for a better recommen- 
dation [65]. 

Ureteral injuries are known complications in gynecologi- 
cal, urological, and general surgery procedures. When the 
injury is recognized, it is regularly repaired immediately. 
However, when it is not recognized, endoscopic manage- 
ment with ureteral stents can be considered in selected cases. 
Correct placement of the stent has been reported in 81% of 
cases. Among those patients who have a successful position- 
ing of the stent, 57% of patients have a complete repair of the 
injury, whereas 28% of patients may develop stricture dis- 
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ease [67]. A study evaluating the feasibility of endoscopic 
management for unrecognized gynecological trauma in 11 
patients showed that the success rate of stent placement was 
100%, and none major complications were reported. IVU 
performed 3 months after the procedure showed complete 
recovery of the affected area with no urine leakage. 
Nonetheless, five patients developed ureteral stricture and 
needed to undergo balloon dilatation and laser endoureter- 
otomy. No recurrences were observed at 12 months of fol- 
low-up [68]. Therefore, endoscopic management of this 
condition may be considered in selected cases. 

Ureteral stents cause uncomfortable symptoms in some 
patients such as flank pain, suprapubic pain, hematuria, and 
irritative voiding symptoms. In severe cases or if medical 
therapy does not provide relief to the symptoms, early stent 
removal is warranted. The only treatments with supporting 
evidence to treat stent-related symptoms are anticholinergics 
and alpha blockers [69]. Other frequent complications of 
stents are encrusting, UTI, migrations, forgotten or retained 
stents, stent fracture, stent misplacement, ureteric perfora- 
tion, and bladder erosion [70]. Richter et al. prospectively 
study ureteral stent complications in 110 renal units. 
Forgotten stents were found in 5 patients, 10% were frag- 
mented, and 8% had migrated. Flank pain during micturition 
was present in 17 patients. Nineteen percent of patients did 
not have change in the severity of hydronephrosis, and 5.5% 
of patients had worsening or developed hydronephrosis [71]. 
Therefore, ureteral stenting should be used after individual 
evaluation of every case. 


Nephrostomy Tube 


Nephrostomy tube (NPT) is an alternative catheter-based 
diversion that facilitates drainage of the urinary tract. The 
indications for NPT placement are similar to the ones for 
ureteral stenting. Acute obstructive uropathy, for instance, 
especially when it occurs simultaneously with urosepsis, is 
a life-threatening condition that requires urgent decompres- 
sion of the UUT. US- or fluoroscopy-guided access more 
often of the most posterior and dilated lower pole calyx is 
attempted. Ideally the puncture at the kidney level should be 
performed at the plane of Brodel, lateral to the calyx and 
toward the renal pelvis. After decompression of the collect- 
ing system, a 1:1 diluted water-soluble contrast is instilled 
into the collecting system to verify the position of the nee- 
dle. When correct position has been confirmed, a guidewire 
is positioned in the collecting system. Once the guidewire is 
inside the system, the tract is serially dilated. The tract 
diameter depends on the characteristics of the urine with 
thick purulent urine requiring 10F to 12 F catheters and 
more clear urine requiring 8F pigtail catheters. It is recom- 
mended that when the pigtail configuration of the catheter is 
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locked, catheter position is confirmed with injection of 
diluted contrast medium. However, overdistension of the 
renal pelvis should be avoided since it increases the risk of 
sepsis. Some potential complications after catheter place- 
ment are sepsis, hemorrhage, and liver, spleen, pleural, and 
colon injury [72]. A study conducted in 318 patients after 
NPT placement found that the rate of sepsis was 2.2% and 
the rate of hemorrhage was 0.6%. The most relevant con- 
tributing factors for the development of sepsis after the pro- 
cedure were failed instrumentation with delayed in definitive 
renal drainage, omitted antibiotics, and delay in diagnosis or 
therapy. Patients with hemorrhage resolve with prolonged 
tube drainage alone [73]. 

Controversy has existed in regard to the most appropriate 
diversion for patients with UUT obstruction. Joshi et al. ana- 
lyzed the impact on quality of life of patients with foreign 
body diversion and reported that there were no differences in 
the gross impact in physical and psychosocial function 
between the two groups based on the EuroQol score. 
However, they found a significant negative impact generated 
by urinary symptoms related to ureteral stents. This group 
also required more analgesia and reported more discomfort 
with various postures. Patients with NPT required more help 
in daily care. No differences were found in the incidence of 
infections [74]. 

Patients with abdominal malignancies may require NPT 
due to ureteral obstruction. The most common indication for 
NPT in this subset of patients is renal failure (83%) followed 
by flank pain and hydronephrosis (13%). The serum creati- 
nine levels after NPT placement have shown to improve sig- 
nificantly. A 13% complication rate has been reported related 
to NPT dislodgement and obstruction [75]. The main advan- 
tage of NPT over ureteral stenting is that it could be placed 
under local anesthesia, although the presence of a drainage 
bag could decrease the quality of those patients. However, 
ureteral stenting has shown higher rates of failure rate due to 
extrinsic compression and requires general anesthesia for 
positioning. Quality of life is affected by stent-related symp- 
toms. Metallic stents seem to be a good option to overcome 
this inconveniences [76], and some of them have resisted 
encrustation after a mean period of 11.6 months [77]. Ku 
et al. reported that the incidence of fever and acute pyelone- 
phritis was not different between patients with NPT and ure- 
teral stents. Moreover, the stent-related or catheter-related 
complication rate was not statistically significant. The 
reported failure rate due to obstruction was 11% and 1.8% in 
patients with ureteral stents or NPT, respectively. Therefore, 
the latter group of patients should be monitored more fre- 
quently [78]. 

In spite of the improvement in renal function and flank 
pain in patients with UUT obstruction due to extrinsic malig- 
nancies, this procedure impacts the quality of life of the 
patients. Misra et al. showed that patients with NPT fre- 
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quently presented catheter dislodgement and reported that 
they needed to stay a median of 23 days in the hospital, 
which accounts for 29% of their remaining lifetime [79]. 
Type of malignancy, serum albumin <3.5 mg/dl, pleural effu- 
sion, and bilateral hydronephrosis were associated with 
worse short-term survival. The median survival if one, two, 
or all the three risk factors were present was 7.7, 2.2, and 
1.7 months, respectively [80]. Moreover, the rate of pyelone- 
phritis in this subset of patients is not negligible. Bahu et al. 
conducted a study in 200 patients and reported a rate of 
pyelonephritis of 19%. Neutropenia and previous UTI epi- 
sodes showed to be risk factors for acute pyelonephritis [81]. 

PNT is considered the standard procedure after percuta- 
neous nephrolithotomy (PCNL) [82]. However, increased 
interest has arisen in tubeless (ureteral stent in place) and 
totally tubeless (no diversion) procedures. Zhao et al. con- 
ducted a study where they demonstrated that there were not 
significant differences in perioperative outcomes, stone-free 
rate, operative time, estimated blood loss (EBL), length of 
stay (LOS), and complications across patients with NPT or 
tubeless approach. Inpatient analgesic requirements were 
also the same. Assessment of quality of life (QoL) based on 
the Wisconsin StoneQoL questionnaire showed more nega- 
tive impact at 7-10 days after surgery in patients who had a 
simultaneous ureteral stent placement than those who had a 
simultaneous NPT positioning. However, the QoL was simi- 
lar at 30 days from surgery between the two groups [83]. It 
has been shown that needing a secondary PCNL and postop- 
erative complications were predictive factors for prolonged 
NPT dwelling times [84]. 

Controversy has also existed around the most adequate 
diameter of the tube. Cormio et al. showed in a prospective 
multicenter study that large-bore nephrostomy tube (>18Fr) 
is associated with less overall complication rate and seems to 
reduce bleeding [85]. Therefore, if a NPT is required, a 
large-bore catheter must be considered. 


Bladder Cancer 


Bladder cancer incidence has been mildly decreasing during 
the last 10 years in a rate of 1% per year. However, the death 
rate has remained stable during the same period of time. The 
number of new cases reported in the United Stated in 2018 
was 81,190 cases, which represents 4.7% of all new cancer 
cases. The estimated number of deaths in 2018 was 17,240 
accounting for 2.8% of all cancer deaths [86]. Most bladder 
cancers (75-80%) are non-muscle invasive (NMIBC). The 
mainstay of NMIBC is transurethral resection of bladder 
tumor (TURBT). This is regularly followed by intravesical 
instillation of chemotherapeutic agents, in many cases 
BCG. In selected high-risk cases, patients with NMIBC need 
to undergo radical cystectomy [87]. On the other hand, 
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muscle-invasive bladder cancer (MIBC) may undergo intent- 
to-cure therapies (radical cystectomy or bladder preserving 
treatment) and, depending on the risk of recurrence and pro- 
gression, could need systemic therapies to improve the onco- 
logic prognosis. In metastatic cases, the goal is to prolong 
lifetime and improve quality of life with systemic therapies 
[88]. In MIBC cases, all patients should undergo a complete 
staging evaluation including imaging of the chest and 
contrast-enhanced CT scan of the abdomen and pelvis if not 
contraindicated [89]. In NMIBC the patient may need an 
evaluation of the upper urinary tract [90]. 


Ultrasound 


Transabdominal ultrasonography allows the evaluation of 
intraluminal tumors in the bladder. It is the most used imag- 
ing technique to screen for bladder cancer due to its low cost, 
availability, and noninvasiveness [91]. Knox et al. conducted 
a study in 143 patients presenting with macroscopic hematu- 
ria who had a US, CTU, and cystoscopy the same day. They 
found that US and CTU had a specificity of 94.7% and 
96.5%, respectively, for bladder tumors (Fig. 28.9). 
Conversely, CTU showed to have better sensitivity than US 
(89.7% vs 69%) [92]. Contrast-enhanced US (CEUS) allows 
the evaluation of patients with signs and symptoms suspi- 
cious of bladder cancer using contrast agents with minimum 
bubble destruction at low mechanical index power levels. 
This method is particularly useful for imaging tumor neovas- 
cularity [91]. Studies have shown that contrast-enhanced US 
is more accurate in determining the presence or absence of a 
bladder tumor than regular US. Nicolau et al. showed that the 
accuracy of CEUS is 88.37, whereas for US it is 72.09%. 
The sensitivity in regard to number of tumors detected for 
CEUS showed to be better than for US (65.62% vs 60.93%). 
This effect is clearly size-dependent. In tumors larger than 


Fig. 28.9 Bladder ultrasound showing tumor involving right side of 
the bladder trigone and bladder neck 
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5 mm, CEUS had a sensitivity of 94.7%, while for tumors of 
less than 5 mm it was only 20% [93]. CEUS has also shown 
to be potentially capable of discriminating between high- 
and low-grade disease. Guo et al. showed that using a cutoff 
point of time to peak to one-half the signal intensity (TPH) 
and the corresponding descending slope (DS) of 48.06 sec- 
onds and 0.15 dB/seconds, respectively, CEUS had a good 
performance in differentiating low-grade versus high-grade 
cancer (AUC = 0.79). TPH and DS had a strong correlation 
with tumor microvessel density (MVD) [94]. 


Computed Tomography 


CTU is now widely used in the urologic workup of macro- 
scopic and microscopic hematuria. Bretlau et al. did a retro- 
spective analysis of CTUs from 771 patients who were 
referred for hematuria. A tumor and/or complex cyst in the 
urinary tract was found in 18% of cases. Urolithiasis was 
found in 9% of cases, and 15% of cases had a different con- 
dition [95]. This imaging technique has shown a great ability 
to detect urinary tract tumors, congenital abnormalities, and 
inflammatory conditions of the ureter more accurately than 
IVU [96]. 

CTU has shown to be of great utility and is the preferred 
imaging technique for staging bladder cancer [97]. The most 
suspicious findings for bladder cancer on CTU are bladder 
wall thickening, bladder mass or nodule, and abnormal uro- 
thelial enhancement with contrast administration, particu- 
larly when it occurs along with bladder wall thickening [98]. 
Capalbo et al. analyzed CTUs from 177 patients to deter- 
mine the role of this imaging technique in bladder cancer and 
the performance of each one of its phases. All the patients 
had a CTU and a cystoscopy. The sensitivity, specificity, 
accuracy, PPV, and NPV of the CTU were 96.3%, 86.4%, 
92.8%, 92.9%, and 92.7%, respectively. The arterial phase 
showed the best performance, being able to detect 93.4% of 
the tumors [99]. 

CT scan has been used in the assessment of lymph node 
status of patients with bladder cancer. Koss et al. found that 
the accuracy of CT scan in predicting lymph node involve- 
ment was 92%, the sensitivity was 60%, and the specificity 
was 100% (Fig. 28.10). However, the overall ability of CT 
scan to correctly stage bladder cancer was only 65% [100]. 
Baltaci et al. also evaluated the performance of CT scan in 
staging bladder cancer patients. They found that 57 out of 
100 patients who had a CT scan before surgery showed 
extravesical involvement. However, 22 of those patients did 
not have extravesical involvement upon pathological analy- 
sis. Six patients who had extravesical involvement in the sur- 
gical specimen did not show the same finding in the 
preoperative CT scan. The differences in the staging of the 
disease using CT scan and pathological analysis were sig- 
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nificant. Lymph node involvement was detected in nine 
patients on CT scan; however, it was only confirmed in four 
cases. Moreover, nine patients with pN+ disease were missed 
in the CT scan evaluation. Therefore, CT scan seems to have 
limited accuracy in staging bladder cancer [101] (Fig. 28.11). 

The correlation between positron-emission tomography 
(PET/CT) with 18F-fluorodeoxyglucose (18F-FDG), MRI, 
and histopathological analysis was evaluated in a cohort of 
18 patients. The specificity for detection of positive lymph 
nodes with MRI or 18F-FDG PET/CT was 80 and 93.3%, 
respectively, whereas the NPV was 80% and 87.5% for MRI 
and 18F-FDG PET/CT, respectively. However, the differ- 
ences in sensitivity and NPV were not statistically signifi- 
cant, probably due to the small size [102]. Ceci et al. 
evaluated the role of 11C-choline PET/CT in lymph node 
status assessment of bladder cancer patients. They analyzed 
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Fig. 28.10 Contrast-enhanced CT scan showing tumor in the right 
posterior bladder wall associated with pelvic lymphadenopathy 


Fig. 28.11 Contrast-enhanced CT scan showing tumors in the poste- 
rior bladder wall 
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a cohort of 39 patients who had an 1 1C-choline PET/CT and 
radical cystectomy with extended lymph node dissection for 
bladder cancer and 29 patients who had an 11C-choline PET/ 
CT for suspected bladder cancer relapse. They found that the 
detection rate of the 11C-choline PET/CT was 62.7%. The 
reported sensitivity, specificity, PPV, NPV, and accuracy 
were 59%, 90%, 71%, 84%, and 81%, respectively [103]. 


Magnetic Resonance Imaging 


MRI has shown great soft tissue resolution, soft tissue con- 
trast, and multiplanar capabilities. Therefore, some clini- 
cians consider it more useful for staging of bladder cancer 
cases because it allows the differentiation between bladder 
layers and may distinguish between MIBC and NMIBC 
cases [104] (Fig. 28.12). A meta-analysis addressing the role 
of MRI in bladder cancer showed that the sensitivity and 
specificity of this imaging technique for differentiating < T1 
versus > T2 disease were 90% and 88%, respectively. The 
use of DWI and 3-Tesla increased the sensitivity and speci- 
ficity (92% and 96%) [105]. On the other hand, the perfor- 
mance of MRI in regard to node status evaluation was studied 
in a meta-analysis. It was found that MRI has a good speci- 
ficity (94%] but a poor sensitivity (56%) for lymph node 
detection [106]. 


Non-muscle-Invasive Bladder Cancer 
Follow-Up 


Risk assessment models have been described to predict the 
short- and long-term risk of recurrence and progression of 
patients with NMIBC after transurethral resection of blad- 
der tumor (TURBT). Sylvester et al. described a scoring 
system based on: number of tumors, tumor size, prior 
recurrence rate, T staging, and carcinoma in situ (CIS) and 
grade. Depending on the score obtained from each case, the 


Fig. 28.12 T2-weighted sequences from an MRI showing filling 
defect due to a bladder tumor compromising the bladder neck 


451 


probability of recurrence at 1 and 5 years is 15-61% and 
31-78%, respectively. On the other hand, the probability of 
progression at 1 and 5 years is 0.2-17% and 0.8-45% 
[107]. Fernandez-Gomez et al. described a risk stratifica- 
tion model that assessed the likelihood of recurrence and 
progression after BCG therapy. They identified several pre- 
dictive variables based on a multivariate analysis. The 
scores from all the variables were summed at the end and 
based on the total score the patients were divided into four 
groups according to the risk of recurrence and progression. 
The variables included in the predictive model for recur- 
rence assessment were gender, age, grade, tumor status, 
multiplicity, and associated CIS. The variables identified 
for the model to predict progression were age, gender, 
tumor status, T stage, multiplicity, and associated CIS 
[108]. To the contrary of the model described by Sylvester 
et al., the reported risks for recurrence and progression 
were lower. In regard to progression, only the high-risk 
group had a lower progression probability compared to 
Sylvester et al.’s model. 

The European Urological Association (EUA) guidelines 
recommend that all patients with T1Ta + CIS should get their 
first cystoscopy 3 months after the TURBT. In patients with 
low-risk tumors, cystoscopies should stop after 5 years of 
follow-up. For patients with intermediate- or high-risk 
tumors, lifelong follow-up with cystoscopy is recommended. 
Urine cytologies should be done with the same regularity of 
cystoscopies during the follow-up. In case the patient does 
not want to undergo cystoscopies, US is an option if previous 
TaG1-2 or low grade was found. However, no noninvasive 
method can safely replace it [109]. 

The National Comprehensive Cancer Network (NCCN) 
recommends a risk-stratified follow-up based on AUA risk 
groups [90]. For low-risk patients, cystoscopy is recom- 
mended at 3 and 12 months and annually until 5 years post- 
surgery. After 5 years, NCCN suggests having a cystoscopy 
depending on the clinical findings. A baseline imaging eval- 
uation of the upper urinary tract (CTU, MRU, intravenous 
urography, retrograde pyelography, or ureteroscopy) and 
abdomen and pelvis (CT or MRI) is suggested. For 
intermediate-risk tumors, a cystoscopy at 3, 6, and 12 months 
is recommended. During the second year, the patients should 
get cystoscopies every 6 months and thereafter annually 
until the fifth year after surgery. Thereafter, cystoscopies 
should be done according to clinical findings. A baseline 
upper tract and abdomen and pelvis imaging evaluation 
must be performed. Urine cytology must be done at 3, 6, and 
12 months after surgery. During the second year, urine 
cytology must be performed every 6 months and then annu- 
ally. Follow-up for high-risk patients has to include cystos- 
copy every 3 months for the first 2 years. Then endoscopic 
evaluation must continue every 6 months from the third to 
the fifth year after surgery and annually thereafter until 
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10 years of follow-up. Further endoscopic evaluation is 
required depending on clinical findings. A baseline evalua- 
tion of the upper urinary tract and abdomen and pelvis is 
recommended. Thereafter, abdomen and pelvis evaluation 
can be done if clinically indicated, but upper urinary tract 
imaging should be done every 1-2 years until 10 years of 
follow-up. Then, imaging should be performed if clinically 
indicated. Urine cytology every 3 months during the first 
year is recommended. A baseline evaluation of urinary uro- 
thelial tumor markers might be considered. From the third 
to the fifth year after surgery, urine cytology every 6 months 
is suggested. Thereafter, until the tenth year post-surgery, 
annual urine cytology should be done [88]. 

Patients who had a cystectomy for NMIBC should get a 
CTU or MRU of the abdomen and pelvis at 3 and 12 months 
after surgery. Then, the same imaging evaluation is recom- 
mended annually until the fifth year post-surgery. From the 
fifth to the tenth year after cystectomy, renal US can be done 
annually. Blood tests and urine cytology need to be done 
regularly as per NCCN guidelines [88]. 


Muscle-Invasive Bladder Cancer Follow-Up 


The imaging follow-up evaluation of patients with MIBC 
after cystectomy according to NCCN guidelines consists of 
CTU or MRU, chest CT, or chest X-ray every 3—6 months 
during the first 2 years. PET/CT can be considered if meta- 
static disease is suspected. From the third to the fifth year 
post-surgery, abdominal/pelvic CT or MRI and chest X-ray 
or chest CT annually are recommended. After the fifth year 
after surgery and until the tenth, renal US can be done annu- 
ally; blood test is ordered annually, and urine cytology is rec- 
ommended if there is a clinical indication [88]. 

The EUA recommends a CT scan every 6 months until the 
third year, followed by annual imaging thereafter. Patients 
with multifocal disease, NMIBC with CIS or positive surgi- 
cal margins have a higher risk of upper urinary tract recur- 
rence. Therefore, those patients need to be monitored with 
CT scan for UUT imaging evaluation [110]. 

On the other hand, imaging evaluation for patients who 
had a bladder sparing approach for MIBC consists of CTU or 
MRU of the abdomen/pelvis every 3 months along with chest 
CT or chest X-ray every 3—6 months during the first 2 years 
after bladder sparing approach. Abdominal/pelvic CT plus a 
chest CT or chest X-ray annually during the next 2 years 
should be performed. PET/CT is recommended only when 
metastatic disease is suspected; blood test is ordered annu- 
ally, and urine cytology is recommended if there is a clinical 
indication [88]. 
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Introduction 


Hemorrhagic cystitis (HC) is a symptom complex that refers 
to bleeding caused by an irritation of the bladder mucosa that 
can be of insidious or rapid onset. Patients present with some 
degree of gross hematuria as well as lower urinary tract 
symptoms (LUTS); however, the range to which these symp- 
toms manifest is wide with varying degrees of resistance to 
treatment depending on the underlying etiology. A proposed 
underlying mechanism is urothelial cell irritation with subse- 
quent mucosal edema followed by cell death. The bladder 
muscle and vasculature are exposed to urine, which contains 
urokinase, a serine protease with fibrinolytic activity [1]. The 
resultant bleeding can be difficult to control and begins to 
explain why this condition can be so difficult to treat. 


Categorizing and Grading HC 


HC can be categorized into two broad groups: infectious and 
noninfectious. Infectious HC is uncommon, however when 
present is typically viral in nature and is often seen in immu- 
nocompromised patients. Bacterial, fungal, and parasitic 
infections are also known to cause HC, though the incidence 
is significantly less. Noninfectious HC can be further divided 
into chemical, radiation, and interstitial cystitis (IC). It is the 
severe manifestations of all of the above etiologies for cysti- 
tis that can lead to HC. HC is commonly stratified based on 
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Table 29.1 Symptom-based stratification of patients with hemor- 
rhagic cystitis 


Grade Symptoms 

I LUTS without gross hematuria 

Il LUTS + gross hematuria 

Il LUTS + gross hematuria + clots 

IV LUTS + gross hematuria + clots causing urinary retention 


LUTS lower urinary tract symptoms 


severity of symptoms [2] (Table 29.1). Grades I and H HC 
can be managed conservatively with hydration, whereas 
Grades III and IV require urologic intervention. Hemorrhagic 
cystitis is also characterized into acute and chronic phases, 
though there can be significant overlap with recurrent acute 
flare-ups superimposed on a bladder with chronic changes. 
In some cases, cessation of the offending agent leads to reso- 
lution of symptoms with little or no residual effect. 


Infectious Etiology 


Infectious HC is most commonly seen in immunocompro- 
mised patients, especially those that are undergoing bone 
marrow or hematopoietic stem cell transplant. In fact, 
approximately 15% of bone marrow transplant (BMT) 
patients suffer from HC [3]. The majority is seen with viral- 
mediated HC; however, one can see other forms of infectious 
HC as discussed below. 


Viral-Mediated HC 


The immunosuppression in transplant patients increases the 
risk of opportunistic infection, and polyomaviruses (BK and 
JC virus) along with adenoviruses are the most common 
causative agent of HC in this population [4]. Infection with 
polyomavirus is opportunistic, as up to 80% of all adults are 
colonized [5]. The virus infects many different cell types 
including urothelial cells of the renal pelvis, ureters, and 
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bladder [6-8]. In immunocompetent hosts, they lie dormant 
following infection — viral reactivation requires a combina- 
tion of predisposition to reactivation, target organ damage, 
and host immune dysfunction [9]. Patients receiving allo- 
genic hematopoietic cell transplantation from a haploidenti- 
cal donor (“a half match”) rather than a matched related 
donor may be at a higher risk of developing HC [10]. 
Adenovirus represents another common infectious agent 
associated with HC in immunocompromised patients. The 
incidence of adenovirus infection ranges from 10% to 20%, 
with renal transplant patients being at increased risk of HC 
associated with infection [11, 12]. Similar to polyomaviruses, 
these viruses are often not acquired de novo, and therefore 
prevention of reactivation with immunocompromised states is 
difficult, and treatment often requires prompt reduction of 
immunosuppressive agents. Children have been shown to have 
onset of symptoms sooner than adults (30 vs 90 days) [13]. 
While polyomavirus infection and adenovirus infection 
cause HC in immunocompromised hosts, infection with cyto- 
megalovirus (CMV) has recently been shown to cause HC 
despite seemingly normal immune function. In one report, an 
otherwise healthy 3-year-old boy with gross hematuria had cys- 
toscopic evidence of HC — bladder biopsy was consistent with 
CMV infection, and viral DNA was present in both serum and 
urine samples. In this patient, symptoms resolved spontane- 
ously with conservative management | month after onset [14]. 


Diagnosis 


Onset is usually within the first 30-90 days following initia- 
tion of immunosuppression, though symptoms can arise as 
far as | year later. Symptom severity correlates with increased 
rates of complication including bladder perforation, hydro- 
nephrosis, and kidney injury [15]. Viral shedding in the urine 
is seen both in active and dormant infection, though studies 
have shown that patients with viruria prior to immunosup- 
pression are at almost twice the risk of developing HC (9% 
vs 16%) [16]. Diagnosis can be made with urine cytology or 
PCR testing for viral DNA. A prospective study of pediatric 
patients following stem cell transplantation demonstrated 
that plasma BKV DNA load may be a better predictor of 
patients at risk for developing HC than urine BKV load [17]. 
These patients should be monitored closely so that interven- 
tion can be timely. Adenovirus viruria is present during 
active disease and can be detected with PCR testing of the 
urine [18]. The likely AD serotypes are AD11, AD 34, and 
AD 35 and can be isolated from urine cultures. 

Infectious causes of HC share similar imaging findings. 
Bladder ultrasound is the diagnostic imaging modality of 
choice, especially in pediatric patients, demonstrating blad- 
der wall thickening and intraluminal clots [19, 20]. Computed 
tomography (CT) can also show a thickened bladder wall 
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along with increased attenuation of urine and intraluminal 
clots. Magnetic resonance imaging will show inflammation 
and edema within the bladder wall [21, 22]. 


Management 


Management of HC caused by polyomavirus includes reduc- 
tion of immunosuppression and treatment with antiviral 
agents and possibly antibiotics, along with supportive treat- 
ment targeted at preventing urinary clot retention and hemor- 
rhagic anemia as well as symptom control (discussed below). 
In patients with additional risk factors for renal failure or 
concern for renal transplant graft dysfunction, reduction of 
immunosuppression alone can be quite effective and avoids 
the use of nephrotoxic agents. One study demonstrated that a 
50% reduction in immunosuppressive agents resulted in 
clearance of BK viremia in 58% of patients [23]. Cidofovir 
is a viral DNA synthesis inhibitor and has demonstrated util- 
ity in treating patients with polyomavirus-associated HC, 
with the limiting factor of nephrotoxicity [24-26]. Most 
studies have investigated intravenous cidofovir, though there 
are also reports of effectiveness in intravesical instillation. 
This is useful in patients where the nephrotoxicity of intrave- 
nous cidofovir is prohibitive. In a retrospective study, treat- 
ment with IV cidofovir resulted in 67% of patients with 
complete resolution of HC and another 12% with partial 
resolution [27]. In the same study, 60% treated with intra- 
vesical cidofovir had complete resolution of symptoms, and 
another 20% had partial resolution. A recent systematic 
review comparing IV cidofovir to intravesical cidofovir 
found that 68% of patients treated with IV cidofovir 
responded completely and 88% of patients treated with intra- 
vesical cidofovir responded completely [28]. Another agent 
shown to be effective in polyomavirus infection is lefluno- 
mide, a pyrimidine synthesis inhibitor with both immuno- 
suppressive and antiviral properties [29]. One study of 
patients with BK-induced nephropathy demonstrated an 
88% reduction in viremia following treatment with lefluno- 
mide combined with reduction in immunosuppression [30]. 
Another study of leflunomide in pediatric patients with 
BK-induced HC showed a significant reduction in BK viral 
loads as well as a significantly shorter course of HC [31]. 
Finally, fluoroquinolones are effective both in prophylaxis 
and treatment of polyomavirus-associated HC [32-34]. A 
retrospective study of 92 consecutive patients demonstrated 
that prophylaxis with ciprofloxacin prior to and during 
immunosuppression led to a significant reduction in the inci- 
dence of BK virus-associated HC (2.6% vs 20.9%) [35]. 
The principles of therapy for polyomavirus such as reduc- 
tion of immunosuppression, the use of antivirals, and 
symptomatic control are similar to that for adenovirus in 
general. There are no specific antiviral treatments for adeno- 
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virus, though agents such as ganciclovir, valganciclovir, 
vidarabine, ribavirin, and cidofovir have all been used with 
some success [36-40]. The best studied of these agents 
include ribavirin and cidofovir, though to date, there are no 
randomized controlled trials (RCT) investigating their effect. 

In cases where antiviral therapies fail to induce complete 
remission in viral-mediated HC following allogeneic hema- 
topoietic stem cell transplant, the addition of corticosteroids 
may aid in complete remission [41]. 


Nonviral Infectious HC 


While viral HC is most common, bacterial, fungal, and para- 
sitic infection can also cause HC. Bacterial cystitis, though 
usually a benign disease, has been reported in rare but severe 
cases to progress to HC with potentially fatal outcomes 
including spontaneous bladder perforation [42]. The most 
common bacterial causes are Escherichia coli, Proteus spp., 
Klebsiella spp., and Staphylococcus saprophyticus [43-45]. 
Other etiologies have been documented, such as a case report 
of a patient with acalculous cholecystitis and acute HC 
caused by S. typhi [46]. Additionally, a recent case report 
documented a case of HC secondary to Ureaplasma urealyti- 
cum [47]. Regardless of the causative agent, management of 
bacterial HC relies on culture-driven antimicrobial therapy 
along with symptom control. 

HC is also a known sequelae of tuberculosis of the blad- 
der. This is seen in known at risk populations, and affected 
individuals usually have concurrent renal tuberculosis [48]. 

Fungal causes of HC are rare and usually associated with 
treatment of bacterial cystitis [49]. Organisms reported to 
cause hemorrhagic complications include Candida albicans, 
Cryptococcus neoformans, Aspergillus fumigatus, and 
Torulopsis glabrata. Characteristic findings include white 
plaques overlying the urothelium. As with bacterial cystitis, 
symptoms resolve following treatment of the underlying 
infection [44, 50]. In the United States, parasitic HC is rare. 
However, bladder schistosomiasis is a serious health concern 
in developing nations, primarily in Africa [51]. Infection 
starts with exposure to contaminated water, where larvae 
penetrate the skin. Following maturation in the lungs and 
liver, adult worms travel to the pelvic veins and deposit eggs 
in the bladder wall. The eggs incite an inflammatory reaction 
with subsequent fibrosis. During the inflammatory phase, 
nodular bladder wall thickening is seen on CT urography. In 
the chronic fibrotic phase, bladder volume is decreased, and 
imaging shows a thickened calcified bladder [52]. 

Treatment with praziquantel will treat the infection, but the 
chronic fibrotic changes cannot be reversed [53]. In rare cases, 
hemorrhagic cystitis has been noted in association with hyda- 
tid cyst disease caused by Echinococcus granulosus [54]. 
Treatment with albendazole leads to resolution of symptom. 
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Radiation-Induced HC 


Radiation-induced cystitis is seen in adult patients with pel- 
vic malignancy and pediatric patients following whole-body 
radiation in preparation for bone marrow transplantation. Its 
presentation can be divided into acute and late radiation 
cystitis. 

The overall incidence of radiation cystitis ranges from 5% 
to 10%. This number varies greatly depending on the series 
and the patient population studied. Patients receiving larger 
doses of radiation or radiation directed at the bladder have an 
increased risk of developing radiation cystitis of worsening 
severity [55]. It is therefore not surprising that patients who 
have undergone radiation treatment for bladder cancer have 
the highest rates of radiation cystitis, with almost 10% of 
patients having small shrunken bladders [56]. Patients treated 
with radiation for either prostate or cervical cancer have a 
6-10% risk of Grades HI/TV HC [57-59]. Acute radiation 
cystitis occurs either during or shortly after radiation therapy 
(usually within 3 months) and is caused by injury to the fast- 
dividing cells of the bladder mucosa. The symptoms are typi- 
cally self-limiting and include dysuria, urgency, and 
frequency. These can usually be managed conservatively. In 
the acute phase, imaging findings are similar to those seen in 
infectious HC. Late radiation cystitis develops anywhere 
between 6 months and 20 years after therapy. It is caused by 
damage to vascular tissue and connective tissue, which have 
a much slower cell turnover rate than the bladder mucosa. 
Endothelial cell damage and perivascular fibrosis are seen 
months to years after radiation and can result in vascular 
occlusion/bladder ischemia [60]. The vascular ischemia 
causes late bladder fibrosis and contraction which can be 
seen on CT imaging. Radiation also damages smooth muscle 
cells, causing them to be replaced by fibroblasts, which will 
lead to decreased bladder compliance. Histologically, these 
late changes present as a progressive obliterative endarteritis 
that leads to mucosal ischemia, cellular depletion, and fibro- 
sis. The hypoxia results in tissue breakdown and sloughing 
of the necrotic bladder mucosa, which leads to hematuria. 
Telangiectasia also develops which can further contribute to 
hematuria. The impaired tissue healing and fibrosis lead to a 
reduction in bladder capacity and can cause LUTS [61]. 


Chemically Induced HC 


Oxazophorine-Induced HC There are a wide variety of 
drugs that have been implicated in the development of hem- 
orrhagic cystitis. The best studied of these agents include 
oxazophorine compounds such as cyclophosphamide and 
ifosfamide. These are alkylating agents that are used in the 
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treatment regimens of several cancers including Hodgkin 
disease, small-cell lung carcinoma, and breast cancer. 
Cyclophosphamide is also used in nonneoplastic disorders 
such as Wegener granulomatosis, systemic lupus erythema- 
tosus, and rheumatoid arthritis [62]. The dose-limiting step 
of oxazophorine compounds is typically urotoxicity. 
Hemorrhagic cystitis can develop in up to 40% of patients 
after treatment with cyclophosphamide or ifosfamide with 
the toxicity typically being dose-related and occurring within 
48 hours [63, 64]. In around 4% of patients, the bleeding can 
become uncontrollable and even life-threatening [65]. 

The pathophysiological mechanism of oxazophorine uro- 
toxicity involves the breakdown of the drugs into acrolein. 
Cyclophosphamide and ifosfamide are both metabolized by 
hepatic microsomal enzymes into a mustard derivative (the 
antineoplastic metabolite) and acrolein. Acrolein is an unsat- 
urated aldehyde with no significant antitumor activity that is 
excreted through the urine and can interact with the urothe- 
lium to produce toxic effects [66]. Acrolein enters the cells 
both directly and indirectly (through nuclear factor-kappaB 
and activator protein-1) and causes an increase in reactive 
oxygen species and nitric oxide, which leads to peroxynitrite 
production. The increase in peroxynitrite levels causes lipid 
peroxidation, protein oxidation, DNA strand breaks, and 
eventual necrotic cell death [67]. Clinically, this causes blad- 
der mucosal edema, vascular dilation, increased capillary 
fragility, and hemorrhage. This can result in chronic fibrosis 
of the bladder wall, which may lead to a small, fibrotic, non- 
compliant bladder [68]. 

The three main approaches for prophylaxis of 
oxazophorine-induced hemorrhagic cystitis are sodium 
2mercaptoethane sulfonate (Mesna), hyperhydration with 
forced diuresis, and continuous bladder irrigation (CBI). The 
common mechanism of these three methods is to reduce the 
contact of acrolein with the bladder epithelium. CBI and 
forced diuresis accomplish this through dilution and forced 
excretion of the toxic compound. Mesna is a thiol-containing 
compound that can be coadministered with cyclophospha- 
mide and ifosfamide. It is excreted into the urinary tract 
where the sulfhydryl group of Mesna can combine with the 
terminal methyl group of acrolein to form a nontoxic thio- 
ether [69]. Mesna works only as a prophylactic method and 
has no role in treating HC after it has developed. The results 
of prophylaxis with Mesna versus CBI have been examined 
in a prospective randomized controlled trial. A study of 200 
patients receiving either Mesna or CBI found that the inci- 
dence of hematuria was diminished in the group receiving 
Mesna (76% vs 53% p = 0.007); however, the incidences of 
Grade 3 and 4 hematuria were the same in each group (18%). 
The group receiving CBI also had significantly increased 
incidence of moderate to severe bladder discomfort/spasms 
and UTIs compared to the group receiving Mesna [70]. A 
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nonrandomized clinical study showed hemorrhagic cystitis 
occurred in 50% of patients after prophylaxis with Mesna, 
hydration, and an alkalizing regimen versus 32% of patients 
when CBI was added to the prophylaxis regimen (p = 0.11). 
Moreover, they found that in the CBI group, there was a sig- 
nificant reduction in the mean duration of hemorrhagic cysti- 
tis (10 vs 18 days; p = 0.02), duration of hospitalization (30.2 
vs 39.6; p < 0.001), and in lateonset hemorrhagic cystitis 
(p = 0.001) [71]. Recently, a prospective study demonstrated 
that continuous IV infusion of Mesna may be more protec- 
tive than intermittent dosing, with patients receiving continu- 
ous IV infusion having a 0.27 odds ratio of developing HC 
when compared to patients receiving intermittent dosing 
[72]. Future prospects for prophylactic agents include com- 
pounds such as amifostine, anakinra, glutathione, and pent- 
oxifylline, as well as a wide variety of plant derivatives such 
as flavonoids and polyphenols [73, 74]. 


Other Chemotherapeutics There are several other chemo- 
therapeutic drugs that are less commonly associated with 
hemorrhagic cystitis. In all cases, management includes 
stopping the offending agent and supportive management. 
Busulfan is an alkylating agent that is used in the treatment 
of CML and in conjunction with cyclophosphamide as a con- 
ditioning agent prior to bone marrow transplantation. It has 
been reported to cause hemorrhagic cystitis in up to 16% of 
patients [75, 76]. Bleomycin, a glycopeptide antibiotic used 
in the treatment of Hodgkin lymphoma, squamous cell carci- 
noma, and testicular cancer, has been shown to cause HC as 
well [77, 78]. Temozolomide is an alkylating agent used in 
the treatment of brain masses and was first reported to be 
associated with HC in 2002 in a patient being treated for 
breast cancer with brain metastasis [79]. Docetaxel is a 
microtubule inhibitor used in treating hormone-independent 
prostate cancer and in rare cases has been shown to cause HC 
[80]. Cabazitaxel is a microtubule inhibitor used in prostate 
cancer patients who have developed resistance to docetaxel. 
There are reports of patients starting this drug and develop- 
ing HC soon after. Of note, all patients who developed HC 
after starting cabazitaxel had previously undergone radiation 
therapy for prostate cancer, and cystoscopic findings were 
very similar to that seen in radiation-induced HC. In all 
patients, however, symptoms resolved after cabazitaxel was 
discontinued [81]. Given the timeline of development and 
resolution of symptoms, it seems that cabazitaxel precipitated 
radiation HC. Gefitinib, an EGFR inhibitor used in treating 
non-small-cell lung cancer, has been shown to precipitate 
HC - discontinuation of the agent led to resolution of symp- 
toms [82]. Recently, paclitaxel was reported to cause HC in 
a patient receiving chemotherapy for breast cancer; symp- 
tomatology was relieved after discontinuation of the pacli- 
taxel, bladder washing, and oral prednisolone [83]. 


29 Hemorrhagic Cystitis 


Miscellaneous Drug Agents Along with chemotherapeutic 
agents, other medications have been shown to cause HC. In 
rare cases, penicillin has precipitated hemorrhagic cystitis, 
though this has only been reported in severely ill patients. 
This reaction is thought to be caused by an immune-mediated 
process — all patients were reported to have eosinophilic 
infiltration on the bladder wall along with peripheral eosino- 
philia. Immunofluorescent staining of the submucosal tissue 
shows the presence of immunoglobulins G and M along with 
C3 [63]. Piperacillin, methicillin, carbenicillin, ticarcillin, 
and penicillin G have all been associated with HC [84, 85]. 
Symptoms typically begin 2—4 weeks of starting the antibi- 
otic and resolution of symptoms occurring with discontinua- 
tion of the drug [86-89]. Of note, all patients reported to 
have penicillin-associated HC were being treated for severe 
systemic infection, suggesting that the systemic inflamma- 
tory response played some role in precipitating the hemor- 
rhagic event. However, with the limited amount of data on 
the topic, further research is needed to determine the exact 
mechanism involved. Danazol, a synthetic steroid, was 
shown to cause hemorrhagic cystitis in 19% of a series of 
patients with hereditary angioedema. Neither the dose nor 
the duration of danazol treatment affected the severity, and in 
all the patients but one, the symptoms resolved after discon- 
tinuation of the drug [90]. Tiaprofenic acid is a nonsteroidal 
anti-inflammatory drug used in the treatment of osteoarthri- 
tis and rheumatoid arthritis. It can cause hemorrhagic cystitis 
with reports of onset ranging from 2 days to 3 years after 
starting the drug. As with most medications, stopping the 
drug will most often reverse the symptoms [91]. Cystoscopic 
and biopsy findings are similar to interstitial cystitis. 

Topical agents that are introduced into the bladder can 
also cause hemorrhagic cystitis through direct irritation of 
the bladder mucosa. Nonoxynol-9 is a spermicide used as a 
vaginal contraceptive suppository. Accidental insertion into 
the bladder causes hemorrhagic cystitis due to the acidic 
nature of the suppository [92, 93]. All patients presented 
with acute onset of LUTS and gross hematuria. Cystoscopic 
findings reveal diffuse inflammation of the bladder mucosa 
with decreased bladder volumes and associated ulceration 
and hemorrhage. Ether has been used to unclog Foley bal- 
loon ports. Rupture of the balloon can result in an ether cys- 
titis that can be resistant to treatment [94, 95]. The effects on 
bladder function can be so severe that bladder augmentation 
can be needed to restore normal micturition. 


Occupational Agents 


Occupational exposure to toxic compounds is known to 
cause HC. o-Toluidine and p-toluidine, organic compounds 
used in the synthesis of chemical dyes, have a well-known 
association with hemorrhagic cystitis. As the geopolitical 
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industrial climate has shifted and manufacturing is moved 
overseas, the incidence of HC is becoming rarer and rarer in 
the United States, while there are increasing reports coming 
from nations with large manufacturing industries [96, 97]. 
Chlordimeform, a pesticide used against ticks and moths, has 
also been reported to cause HC after occupational exposure. 
Cystoscopic findings are consistent with acute inflammatory 
changes and hemorrhage, and symptoms usually resolve 
with conservative management [98]. Organophosphate tox- 
icity, which is well known for its anticholinergic symptoms, 
has recently been shown to cause Grade IV HC. CT imaging 
reveals inflammatory changes of the bladder and ureters. 
Given the acute nature of the insult, symptoms resolve with 
conservative management [99]. 

Abuse of the anesthetic agent ketamine, an NMDA recep- 
tor antagonist that has become increasingly popular in the 
past decade, is showing a growing association with 
HC. Multiple case series describe patients who were daily 
ketamine users presenting with Grades II and IV HC. CT 
imaging revealed classic inflammatory changes including 
diffuse bladder wall thickening and perivesicular stranding. 
Cystoscopic examination revealed bladder ulceration, dif- 
fuse hemorrhage, and reduced bladder capacities. Biopsy 
showed acute and chronic inflammation with a eosinophilic 
infiltrate suggesting a possible allergic mechanism. Cessation 
of use along with oral hyaluronic acid led to improvement of 
symptoms [100]. 


Management 
Overall Management 


The initial management of HC begins with careful history, 
physical examination, and labs as needed to determine not 
only the underlying etiology but also the degree of the blood 
loss, as patients should be resuscitated appropriately with 
fluids and/or blood product based on standard critical care 
guidelines. Urinalysis and urine culture should be performed, 
and all patients should be presumed to have urinary tract 
infection until culture data shows otherwise. Diagnosis 
should rule out other conditions including medical renal dis- 
ease, UTI, urolithiasis, coagulopathy, and neoplasm of the 
bladder or upper urinary tract. In cases of bleeding caused by 
these mechanisms, treatment of the underlying disorder 
leads to resolution of symptoms. Even in such cases, hemor- 
rhage itself must be managed and can be done so using the 
same algorithm used in all other forms of HC. 

In determining appropriate management strategies, it is 
important to understand the severity as well as chronicity of 
the symptoms. In Grades I and II hematuria, management 
involves treating the underlying cause combined with 
increased fluid intake. Increased fluids dilute the urokinase 
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found in urine allowing bleeding to resolve with normal 
coagulation. In patients with Grades III and IV HC 
(Table 29.1), treatment by a urologist is often necessary. 
These patients are characterized by hemorrhage severe 
enough to cause urinary retention secondary to clot obstruc- 
tion of the bladder neck and urethra. 


Prevention 


Of course the ideal strategy would be that of prevention. For 
patients undergoing radiation treatment, this involves tailor- 
ing the treatment as much as possible to the region of interest 
and limiting the dose delivered to the bladder. For chemical- 
induced cystitis, such as that caused by acrolein, minimizing 
exposure through therapies that mitigate chemical harm (i.e., 
Mesna) is the best treatment as it prevents HC. In many 
patients, once chronic changes are present they are irrevers- 
ible, and the effect of urokinase in the urine on the underly- 
ing bladder muscle and vasculature propagates a cycle of 
irritation, causing hemorrhage that is very difficult to 
control. 


Initial Bedside Management 
Irrigation and Clot Evacuation 


When bleeding is severe enough to warrant urologic consul- 
tation, care should follow as such. Residual hematoma com- 
bined with urinary stasis provides an excellent culture 
medium for bacteria to grow, and patients can quickly prog- 
ress to urosepsis; the treatment of any possible infection is of 
utmost importance. In the setting of ongoing hemorrhage or 
urinary clot obstruction, bladder irrigation at the bedside is 
warranted using a large, stiff-walled catheter as one must 
evacuate and remove all clots from the bladder [71]. Given 
that the bladder wall is friable and delicate in HC, the urolo- 
gist should always be weary of bladder perforation, espe- 
cially in the case of a chronically fibrotic, shrunken bladder 
that may be seen in late-stage radiation cystitis. Irrigation is 
usually performed with a large, catheter-tipped syringe and 
should continue until there is no clot remaining, and this can 
often require multiple liters of irrigation. 


Continuous Bladder Irrigation 


Once all clots have been removed, patients who continue to 
have low-volume bleeding should be placed on continuous 
bladder irrigation. It is often the practice of these authors to 
place patients on continuous bladder irrigation (CBI) for at 
least several hours if we are consulted for severe HC that 
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requires catheter placement and irrigation. The rate of irriga- 
tion can be titrated by nursing staff as long as the urine 
remains free of clot. Once bleeding has resolved and the 
urine has remained free of blood for 24 hours, the catheter 
can be removed. If bleeding is persistent for greater than 
24 hours and requires multiple hand irrigations, then cystos- 
copy and fulguration under anesthesia or intravesical instal- 
lation should be considered. If the clinician is concerned that 
all of the clot is not able to be removed, then cystoscopy 
under anesthesia with clot evacuation and fulguration is most 
likely the best next step. This is because intravesical treat- 
ments are not likely to work with residual clot in the bladder. 
However, if the clinician feels that the clot is removed but 
continued bleeding is necessitating CBI, then intravesical 
therapies may be a good next option as there are some that do 
not require anesthesia. It is likely that a patient with Grade 
IV HC will need cystoscopic clot evacuation before proceed- 
ing to possible bedside intravesical instillations to ensure 
clots are removed. 


Bedside Intravesical Instillations 


Aluminum (Alum) Aluminum salts can control bladder 
hemorrhage by causing protein precipitation at the cell sur- 
face and within the interstitial space. The resulting vascular 
protection reduces edema, inflammation, and exudate, all 
of which contribute to the promotion of further bleeding. 
As opposed to HA or chondroitin sulfate, alum instillation 
can be used for severe HC. The first use of intravesical alu- 
minum salt (alum) irrigation is described in a 1982 report 
of six patients with severe HC following radiation for blad- 
der cancer [101]. Patients were irrigated with a 1% alum 
solution in sterile water via a large rigid three-way catheter 
at the bedside. Subsequent reports have confirmed the util- 
ity of intravesical alum irrigation with minimal adverse 
events [102]. A contemporary study on intravesical alum in 
a cohort of 40 patients found that HC was resolved in 
approximately 60% of patients receiving intravesical alum, 
with a durable response in about one third of patients [103]. 
The precipitates formed after alum instillation can cause 
catheter obstruction, and in rare cases alum irrigation has 
been reported to cause systemic side effects including ane- 
mia, osteomalacia, and renal failure with associated 
encephalopathy [104-106]. Alum should be instilled utiliz- 
ing a 1% solution intravesically with a rate of 250-300 ml/h 
to prevent clotting of the tubing. Clinicians should be 
checking serum alum levels as well as performing neuro- 
logical exams for signs of aluminum toxicity. These signs 
include lethargy, confusion, seizures, and metabolic acido- 
sis. Clinicians should be cautious of using alum in patients 
with renal failure as well as patients with significant aller- 
gic history. 
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Amicar Another agent that can be used at the bedside for 
intravesical irrigation is e€-aminocaproic acid (Amicar), 
which is a lysine derivative that acts as an inhibitor of tissue 
plasminogen and related enzymes. Amicar is particularly 
useful in HC as it also inhibits urokinase, which, as discussed 
above, is an integral component of propagating bladder hem- 
orrhage. A study of 37 patients with refractory HC treated 
with intravesical Amicar showed resolution of bleeding in 
89% of subjects. Patients were treated with 200 mg/L solu- 
tion of Amicar in normal saline irrigated continuously until 
24 h after bleeding resolved [107]. An important consider- 
ation in planning treatment with Amicar is ensuring that the 
bladder is clot free prior to therapy, as Amicar causes harden- 
ing of clots making them difficult to remove. Thus, patients 
being considered for Amicar should undergo clot evacuation 
either by hand irrigation or cystoscopically and then be 
placed on CBI in preparation for treatment [106]. 


Procedural Interventions 
Cystoscopy and Fulguration 


Electrocautery In those patients whose bleeding does not 
resolve, or clot removal is not possible with hand irrigation, 
cystoscopic intervention with electrocautery fulguration of 
bleeding sites and clot evacuation is indicated [108, 109]. 
Care should be taken as the underlying tissue can be very 
friable and bladder perforation can occur. Though the data 
are sparse, approximately 60% of patients will see resolution 
of bleeding after a single treatment with cystoscopic clot 
evacuation. However, patients requiring further clot evacua- 
tions have a significantly reduced chance of responding and 
often require more aggressive means of treatment [110]. 


Neodymium Yttrium Aluminum Garnet (Nd:YAG) 
Laser Nd:YAG laser coagulation is utilized in the treatment 
of HC and has been reported as an effective option [111, 
112]. However, the mechanism for its effect is thermal coag- 
ulation, and thus the tissue will eventually slough just as it 
will with electrocautery and then must heal. This is a concern 
in patients with radiation-induced cystitis where healing may 
be affected [113]. 


Argon Beam Other options for cystoscopy management of 
ongoing hemorrhage include the use of argon plasma, which 
can be useful in cases with more diffuse bleeding that cannot 
be controlled with traditional electrocautery (Middle) [109, 
114, 115]. 


Greenlight Laser (80W KTP and 180W LBO) A report 
has described ten patients with refractory radiation-induced 
HC treated with Greenlight 80W KTP laser coagulation, 
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which is traditionally used in transurethral resection of the 
prostate for benign prostatic hyperplasia. In this series, nine 
out of ten patients had no recurrence of bleeding at 6 months 
follow-up [116]. Another retrospective review of 20 patients 
showed that the 80W KTP laser was able to selectively ablate 
the vasculature while preserving the overlying mucosa. 92% 
of the patients had successful treatment with average hematu- 
ria free periods of 11.8 months [113]. The newer generation of 
Greenlight laser (180W LBO) has also been investigated for 
its efficacy in alleviating HC. A retrospective cohort of 12 
patients found that following treatment, 11 (92%) patients had 
complete resolution of symptoms, although 2 patients required 
repetition of the procedure and 4 patients underwent consoli- 
dative hyperbaric oxygen therapy [117]. Another small retro- 
spective cohort of four patients with radiation-induced HC 
was successfully treated with the 180W Greenlight laser, with 
complete cessation of hematuria after one treatment [118]. 


Intravesical Therapy Refractory Intravesical formalin 
has been extensively studied and has demonstrated excellent 
results in treating HC that is refractory to conservative mea- 
sures [119]. Formalin is an aqueous solution of formalde- 
hyde and acts similarly to alum when instilled in the bladder. 
It causes precipitation of cellular proteins [120], and its fixa- 
tive properties stabilize the telangiectatic changes seen in 
HC. Its use was first described in 1969 [121] — a 10% forma- 
lin solution was used in patients with severe HC, and 
improvement in symptoms was seen in 90% of those treated. 
Since the initial study, variations to treatment protocols, 
including formalin concentration as well as contact time and 
subsequent irrigation, have been studied. It has been shown 
in these studies that intravesical formalin is highly effective 
in controlling severe HC with success rates of 75-100% 
[122, 123]. Of note, formalin instillation is extremely pain- 
ful, and either general or spinal anesthesia is required during 
instillation. General principles of formalin instillation 
include the following [106]: 


— Make sure all clots are removed from the bladder, and 
fulgurate any obvious bleeding vessels. 

— Protect external skin areas such as vaginal packing to pre- 
vent leakage around catheter, Vaseline to skin around 
penis. 

— Perform cystography to make sure vesicoureteral reflux 
(VUR) is not present 

— Starting with a low concentration (1—-2%) and repeating 
with incrementally increased concentrations as 
necessary. 

— Minimizing the volume of formalin used. 

— Minimizing formalin dwell time in the bladder (15 min). 

— In our experience, obstruction of the ureters with ureteral 
dilators prior to instillation is another effective approach 
to minimizing VUJ/ureteric complications. 
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The major limiting factor to the use of formalin includes 
local and systemic complications, which include a small and 
contracted bladder, incontinence, vesicoureteral reflux 
(VUR), ureteral strictures, acute tubular necrosis, urinary fis- 
tulas, bladder perforation, and toxic effects on the myocar- 
dium [124-131]. Using a lower concentration of formalin 
and minimizing exposure to the ureters and vesicoureteral 
junction can minimize many of these side effects [132]. 
Patients with radiation-induced HC have been shown to 
require higher concentrations of formalin and/or repeat 
instillations compared with bleeding secondary to cyclo- 
phosphamide or bladder cancer. In patients with focal areas 
of bleeding, formalin-soaked pledgets may be applied cysto- 
scopically. Similar to instillation, lower concentrations 
appear to be equally effective — use of 4% formalin was 
equally effective as 10% [132]. 


Other Intravesical Options Silver nitrate, which is com- 
monly used to treat bleeding wounds at the bedside, can also 
be used intravesically. The data are sparse, but one study 
showed improvement in eight out of nine pediatric patients 
[133]. Another more recent study found contradictory 
results; in nine patients with radiation-induced HC, intra- 
vesical silver nitrate was ineffective in controlling bleeding, 
with all nine patients requiring subsequent therapies. There 
are reports of patients suffering subsequent renal failure sec- 
ondary to precipitation of silver salts in the ureters [134]. 
Renal function improved after ureteroscopic removal of pre- 
cipitates, but this complication emphasizes the importance 
of ruling out VUR prior to intravesical therapy. Irrigation 
with phenol has also been described in a case report [135], 
though the deleterious effects of phenol persisting in the 
bladder require neutralization and large volume irrigation 
following instillation [136]. Given the paucity of data and 
significant risks, this is not a recommended treatment 
modality. 

Intravesical prostaglandin has been described both in the 
United States and abroad to be effective in treating refrac- 
tory HC. Though the exact mechanism is not known, it is 
thought that prostaglandins cause vasoconstriction and pro- 
mote platelet aggregation. These agents are especially use- 
ful as they can be administered at the bedside, have very few 
associated adverse effects, and are generally well tolerated 
by patients [137]. A 1984 report describes a BMT patient 
with refractory HC who had previously required multiple 
transfusions and failed conservative management. The 
patient’s bladder was filled with a 3.75 mg/L solution of 
PGE2 in normal saline, which remained in place for 4 hours 
before being drained. This was repeated for 5 days, at the 
end of which hematuria resolved [138]. PGE1 and PGF2- 
alpha have also been reported to be effective [137, 139, 
140], and often, the choice between which prostaglandin to 
use is decided based on availability. Finally carboprost, a 
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synthetic PGF2-alpha analogue that is commonly used in 
severe postpartum hemorrhage, can be used as well [141, 
142]. In one study, 24 patients with severe HC underwent 
hourly bedside intravesical carboprost instillation every 
6 hours with doses being titrated daily until bleeding 
resolved. Responses were seen within 7 days in most 
patients, though half of those who saw initial improvement 
in symptoms ultimately had recurrence of bleeding requir- 
ing more aggressive treatment modalities [143]. The most 
common side effect of intravesical prostaglandin is bladder 
spasm, which can be effectively controlled with anticholin- 
ergics and rarely are severe enough to warrant discontinua- 
tion of therapy. Taken together, intravesical prostaglandin is 
a well-tolerated effective treatment for moderate HC and 
can be used as a temporizing measure in more severe cases 
until definitive therapy is provided. 


Systemic Therapies 
Hyperbaric Oxygen Therapy 


Another useful treatment modality in refractory HC is 
hyperbaric oxygen therapy (HBOT). Patients sit in an 
enclosed pressurized space for a set amount of time every 
day and breath 100% O2 leading to saturation of hemo- 
globin and an elevated PaO2. The increased oxygen tis- 
sue promotes angiogenesis and wound healing making 
it especially useful in ischemic tissue. To date there are 
many studies, including multiple prospective series and a 
small randomized controlled trial highlighting the effec- 
tiveness of HBOT. A systematic review and meta-analysis 
have found that around 80% of patients with severe Grade 
IM/IV HC have a durable response to treatment after an 
average of around 30 treatments [144]. While HBOT has 
traditionally been reserved for persistent refractory HC, 
there is a new shift towards earlier use as recent data has 
shown improved efficacy and a reduced number of treat- 
ments if patients are started on HBOT soon after HC is 
detected [145]. The major benefit of HBOT is a lack of 
adverse effects. There is an ongoing randomized con- 
trolled trial to determine the long-term effects on the blad- 
der mucosa after HBOT to treat refractory HC. However, 
its use is limited by a couple of different factors. HBOT 
requires 20 sessions with daily session 5—6 times a week 
that usually require weeks before a therapeutic effect is 
seen. Therefore, ongoing hemorrhage must be stopped or 
at least be slowed while the patient is undergoing therapy. 
Hyperbaric chambers tend to be very small and claus- 
trophobia is a significant concern in many patients that 
precludes its use. However, in those that can tolerate it, 
HBOT is an excellent treatment modality that will likely 
see increasing use in HC in the coming years. 
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Other Systemic Therapies 


In addition to intravesical therapy, there are some agents that 
can be administered orally or intravenously to treat HC. The 
use of both factor VI and XIII has been previously reported 
to effectively stop hemorrhage in refractory HC, and one 
study even reports control of hemorrhage with factor VII 
after failure of 4% intravesical formalin [146-148]. However 
a trial in 2003 that attempted to control refractory HC with 
human factor VII showed no benefit. These agents can be 
especially useful in patients with severe hemorrhage leading 
to coagulopathy. Amicar, which was discussed above as an 
intravesical agent, can also be administered intravenously 
either alone or in combination with intravesical administra- 
tion and has been reported to effectively control bleeding as 
soon as 24 hours after starting treatment [149]. 


Surgical and Interventional Procedures 
Urinary Diversion 


Urinary diversion can range from percutaneous nephrostomy 
tubes to more definitive procedures such as cystectomy with 
an ileal conduit. 


Nephrostomy Tubes 


Nephrostomy tubes are the simplest way to divert urine flow 
from the bladder without requiring extirpative surgery; how- 
ever, their ability to control significant bleeding is question- 
able. In patients where the bladder has been left in situ, 
reported complications are up to 80% with high readmission 
rates and 25% requiring eventual cystectomy [150, 151]. 
However, similar to most literature on HC, this is based on 
single institutional retrospective reviews in small cohorts. 


Cystectomy 


Most urologists attempt to avoid primary cystectomy for 
patients with severe HC secondary to patient- and disease- 
related complexities. The largest series to date looking at 
cystectomy for refractory HC identified patients commonly 
had low preoperative hemoglobin, high ASA score, and 
advanced age. Patients had a high rate of severe perioperative 
complications (Clavien I-IV) of 42% with a 90-day mor- 
tality rate of 16%. Since the majority of these cases were 
secondary to radiation (95%), there were four patients that 
had to undergo supratrigonal cystectomy secondary to severe 
fibrosis and two patients where the procedure was aborted 
with only ureteral ligation [152]. In the same study 1- and 
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3-year overall survival was 84% and 52%. This treatment 
may have to be considered for patients; however, it should be 
utilized only if other conservative therapies fail. 


Embolization 


Finally, in the case of acute life-threatening hemorrhage that 
requires immediate control, embolization of either the inter- 
nal iliac arteries or vesical arteries has been shown to be 
effective. One of the main benefits of this therapy is that it 
can be performed under local anesthesia with sedation and 
can be an option that is better suited than cystectomy and 
urinary diversion in certain patient situations. Retrospective 
studies looking at patients treated with either unilateral or 
bilateral internal iliac artery embolization have shown as 
high as 80% response rate, though half of patients had recur- 
rent bleeding [153]. More recently, super-selective emboli- 
zation of the vesical arteries themselves has been shown to 
be equally as effective, but the limiting factor is access to 
facilities with resources capable of performing such proce- 
dures [154—157]. The adverse effects on tissue outside of the 
bladder are substantially less in vesical artery embolization 
compared to internal iliac embolization, especially when the 
source of blood loss is from the bilateral vascular pedicles of 
the bladder. 


Experimental Therapies 
GAG Layer Replenishment 


As discussed earlier the epithelium of the bladder is coated 
by a thick layer of glycosaminoglycans (i.e., the GAG layer). 
This is a nonspecific defense against bacterial adherence as 
well as protection against irritants. The components of the 
GAG layer include hyaluronic acid as well as chondroitin 
sulfate (Lilly and Parsons, 1990). Therefore, many have the- 
orized that the repair and rebuilding of the GAG layer can 
function to treat HC. A small randomized prospective trial 
compared hyaluronic acid (HA) to hyperbaric oxygen ther- 
apy (HBOT) and showed HA to be as effective as the HBOT 
therapy in patients with HC. It was also very well tolerated; 
however, there were no patients in this group with Grade IV 
HC, and it should be reserved as experimental and for 
patients with mild Grade III or lower symptoms [158]. 
Sodium hyaluronate is given weekly via intravesical installa- 
tion of 40 mg/50 ml for a duration of up to 6 weeks [159]. 
There is little evidence in regard to chondroitin sulfate for 
the indication of HC. However, a large observational study of 
266 patients with severe forms of chronic cystitis, showed it 
to be effective and well tolerated, however these results need 
to be confirmed in a controlled trial [160]. 


466 
Stem Cell Therapy 


Several contemporary cohorts have examined the usage of 
both mesenchymal and decidual stromal cells as a treatment 
for patients with late-onset HC following allogeneic hemato- 
poietic stem cell transplant (HSCT). Mesenchymal stromal 
cells (MSC) are stem cells that are capable of differentiating 
into a variety of mesenchymal tissues. They are purported to 
ameliorate HC through several mechanisms such as directly 
differentiating into bladder endothelium, stimulating tissue 
repair via paracrine effects, or suppressing the immunologi- 
cal effects of graft-versus-host disease [161]. In a retrospec- 
tive study examining the administration of MSC in seven 
post-allogeneic HSCT late-onset HC patients, five patients 
responded to treatment [161]. Another study examining the 
administration of MSC in 13 pediatric patients with BKV- 
induced HC following HSCT reported a 100% efficacy rate, 
with all 13 patients eventually recovering from HC [162]. 
Decidual stromal cells (DSC) harvested from a term placenta 
have also demonstrated the ability to be immunomodulatory 
and may also promote clotting [163]. A pilot study examin- 
ing the usage of DSC in late-onset HC following HSCT 
found 5 out of 11 (45%) of patients’ HC symptoms were 
alleviated within 5 days. Further prospective and randomized 
controlled trials are necessary to assess the efficacy of stem 
cell therapies. 


Viral-Specific T-Cells 


Recent research has indicated that in HSCT patients who 
develop HC and subsequently recover, the clearing of vire- 
mia and HC symptomatology is associated with the emer- 
gence of viral-specific CD4 and CD8 T-cells [164]. It is 
hypothesized that administration of these viral-specific 
T-cells (tailored to the specific virus that is causing the 
patient’s HC) may be a novel treatment in treating post- 
transplant HC. A phase II clinical trial found that administra- 
tion of BK virus-specific T-cells was effective in 13 out of 14 
post-allogeneic HSCT patients with HC [165]. More clinical 
trials and prospective cohort studies are required to evaluate 
this novel therapy. 


Platelet-Rich Plasma 


Platelet-rich plasma (PRP) is an emerging investigational 
treatment with wide potential clinical applications as an 
adjunct to aid tissue repair. To date PRP has been investi- 
gated as a treatment for several purposes such as rotator cuff 
disease, oral surgery, and skin wounds. A small study exam- 
ined the usage of PRP in ten patients with BK virus-induced 
HC following allogeneic stem cell transplantation. One 
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month following surgery, intravesical application of PRP 
resulted in complete resolution of hematuria in six (60%) 
patients and a partial response in three (30%) of patients 
[166]. Further research and studies are required to accurately 
evaluate the efficacy of PRP in HC. 


Fibrin Glue 


Cystoscopic application of fibrin glue to bleeding sites has 
shown effectiveness in treating ongoing hemorrhage [167], 
and a case series of 35 patients post-hematopoietic stem cell 
transplant treated with fibrin glue showed resolution of hem- 
orrhage in 83% of patients at 50 days follow-up [168]. 
Another case series examined endoscopic application of 
fibrin glue in a cohort of 20 patients with radiation-induced 
HC, with 80% of patients exhibiting a complete response 
[169]. 


Conclusion 


Though there are many different etiologies and management 
options for HC, the overall paradigm is quite straightfor- 
ward. HC is ultimately secondary to a denuded bladder 
mucosa with irritation of the underlying bladder musculature 
and vasculature. The compounding effect of ongoing irrita- 
tion combined with the presence of urokinase leads to hem- 
orrhage that is difficult to control. Management should start 
with resuscitation as needed, and any offending agents 
should be immediately discontinued. Traditionally, treat- 
ment follows a stepwise fashion progressing from less inva- 
sive bedside procedures to more invasive intravesical 
therapies and diversion — the particular progression often 
depends on patient-specific characteristics and institutional 
practices. 

Given the rare incidence of HC, there remains a paucity of 
data on the topic. The literature is primarily comprised of 
retrospective reviews with only a few prospective trials. 
Further research is needed to better predict which patients 
are at increased risk of developing HC and which therapy is 
most likely to stop hemorrhage and restore urinary function, 
all while minimizing adverse effects associated with many of 
the established treatments. 
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Relevant Anatomy and Physiology 


The penis is composed of three cylindrical cavernous bodies 
of erectile tissue: the paired corpora cavernosa dorsally and 
the single corpus spongiosum ventrally, which contains the 
urethra. Each cylinder has an outer fibrous capsule called the 
tunica albuginea. The three bodies are composed of erectile 
tissue; an anastomosing network of cavernous vascular spaces 
lined with endothelia within a loose connective tissue 
support. 

Although there is frequent anatomic variation, the arte- 
rial supply to the penis is supplied mainly by branches of 
the internal pudendal arteries, which usually arise from the 
anterior division of the internal iliac artery (Fig. 30.1). 
After giving off the inferior rectal arteries and the perineal- 
scrotal artery (as well as smaller branches including the 
bulbar artery and urethral artery), the internal pudendal 
artery becomes the penile artery. There are two terminal 
branches of the penile artery: the dorsal artery of the penis 
and the deep artery of the penis (cavernosal artery). The 
dorsal arteries of the penis are paired arteries that run on 
each side of the single deep dorsal vein in the dorsal groove 
between the corpora cavernosa. Deep arteries of the penis 
run near the center of each corpora cavernosa, supplying 
the erectile tissue after dividing into helicine arteries, which 
enter the lacunar spaces of the corpora. Additionally, super- 
ficial and deep branches of the external pudendal arteries 
supply the penis and anastomose with the branches of the 
internal pudendal arteries. 

Venous drainage of the cavernous spaces is via three sets 
of veins (Fig. 30.2). The superficial dorsal vein drains the 
skin and subcutaneous tissues of the penis, ultimately drain- 
ing into the superficial external pudendal vein. The deep dor- 
sal vein drains the glans penis, the corpus spongiosum, and 
part of the corpora cavernosa. The cavernous veins are a 
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venous plexus that drain the corpora and join the deep dorsal 
vein of the penis, which drains into the prostatic venous 
plexus. 

Erection is a neurovascular event. During the flaccid state, 
blood flow to the cavernous spaces is minimal due to vaso- 
constriction of the vasculature and shunting of blood flow 
away from the cavernous spaces. In response to sexual 
arousal, the parasympathetic nerves innervating the vascular 
smooth muscle of the deep arteries release nitric oxide (NO) 
which serves as neurotransmitter. NO activates guanylate 
cyclase cascade, leading to intramuscular accumulation of 
Cyclic guanosine monophosphate (cGMP) that results in 
muscular relaxation. The vasodilation allows blood to flow 
into the cavernous spaces to induce engorgement and erec- 
tion. This also has the effect of increasing pressure on the 
veins in the penis, reducing venous drainage. 


Priapism 


Priapism is a persistent erection of the penis that occurs 
hours beyond or in the absence of sexual stimulation [1]. 
Typically, priapism only affects the corpora cavernosa and is 
related to differences in the arterial inflow and venous out- 
flow. Classically, two forms of priapism have been described: 
low flow (veno-occlusive, ischemic) and high flow (arterial, 
non-ischemic), which differ in the etiologic pathophysiology 
and therefore the available treatment options. 


Low-Flow Priapism 


Low-flow (veno-occlusive, ischemic) priapism is the most 
common type and is caused by impaired outflow from the 
corpora cavernosa. This leads to painful engorgement of the 
corpora cavernosa and subsequent ischemia of cavernous tis- 
sue. This form of priapism is considered a form of compart- 
ment syndrome and therefore a urological emergency due to 
the potential for permanent damage to penile tissue and the 


473 


A. R. Rastinehad et al. (eds.), Interventional Urology, https://doi.org/10.1007/978-3-030-73565-4_30 


474 


high frequency of erectile dysfunction if left untreated. The 
duration of priapism is the most important predictor of the 
development of subsequent erectile dysfunction in the setting 
of low-flow priapism [2]. Low-flow priapism can be associ- 
ated with sickle cell disease, hematological malignancies, or 
medications; however, it is most commonly idiopathic in eti- 
ology [3]. Treatment of this form of priapism involves decom- 
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pression of the corpora cavernosa via needle aspiration, which 
allows recovery of intracorporal blood circulation. If this 
fails, direct injection of sympathomimetic agents is recom- 
mended prior to initiating surgical intervention which aims to 
provide shunt between corpus cavernosum and glans penis [1, 
4]. There is little or no role of endovascular therapy in the 
management of low-flow priapism. 


Fig. 30.1 (a) Arrow: Catheter tip in left internal iliac artery demon- 
strating a selective digital subtraction angiography (DSA) of left inter- 
nal iliac artery anatomy. A: Lateral sacral artery, B: Internal pudendal 
artery, C: Superior gluteal artery, D: Obturator artery, E: Inferior guteal 
artery. (b) Selective DSA of normal internal pudendal artery anatomy. 
A: Internal pudendal artery, B: Inferior rectal branches, C: Penile artery, 


D: Perineal-scrotal artery. (c) Selective DSA of the internal pudendal 
artery demonstrating more distal branches. A: Internal pudendal artery, 
B: Inferior rectal arteries, C: Perineal-scrotal artery, D: Penile artery, E: 
Dorsal artery of the penis, F: Cavernosal artery. (d) Schematic drawing 
of the arterial anatomy supplying the penis. (e) Schematic drawing of 
the cross-sectional vascular anatomy of the penis 
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Fig. 30.1 (continued) 


Right Internal 
Pudendal Vein 


Right External 


Saphenous Vein Pudendal Vein 


Fig. 30.2 (a) Schematic drawing of the venous drainage of the penis. 
(b) Venogram depicting the prostatic venous plexus. Access was 
obtained through the bilateral femoral veins. The catheters are seen 
extending through the contralateral internal iliac veins, with bilateral 


High-Flow Priapism 
Classification and Pathophysiology 


High-flow priapism, also called non-ischemic or arterial pria- 
pism, is a rare condition that usually results from perineal or 
penile trauma, resulting in a fistula or pseudoaneurysm caus- 
ing uncontrolled arterial flow to penile sinusoidal spaces [5]. 
Blood flows from one of the terminal branches of the internal 
pudendal artery, usually the cavernosal artery, and into the 
lacunar spaces of the corpora cavernosa. The lacunar endo- 


superficial Dorsal Vein 


catheter tips at the junction of the internal pudendal veins/prostatic 
plexus (white arrows). Contrast is seen refluxing into the prostatic 
plexus (black arrow) 


thelium is then exposed to oxygenated blood with high veloc- 
ity and turbulent flow causing shearing forces, which stimulate 
the release of nitric oxide. This results in arterial and trabecu- 
lar dilatation throughout the corpora cavernosa [6, 7]. 

High-flow priapism can develop immediately following 
trauma or may not develop for a number of days following 
the inciting event. Arterial priapism is not a medical emer- 
gency because venous outflow remains intact and therefore 
the penis is not ischemic. The priapism can therefore persist 
for long periods of time without permanent damage of penile 
tissues [8]. 
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Clinically, a patient with high-flow priapism typically reports 
an erection that is not associated with pain and is frequently 
intermittent or not fully rigid. Typically, there is a delay 
between the injury and the development of the priapism that 
may be up to a few days or longer, which can be explained by 
spasm of the injured pudendal branch vessel, by occlusion of 
the torn artery by a clot, or by gradual increase in blood flow 
through the fistula over time as the fistula matures and dilates 
after the initial injury [5]. On physical examination, the cor- 
pora are tumescent but not fully rigid (in contrast to low-flow 
priapism), and there may be signs of perineal or penile 
trauma. 


Diagnostic Evaluation 


The diagnosis of high flow priapism (HFP) is based on the 
medical history, clinical findings, blood gas analysis, and 
color Doppler ultrasonography (cDUS) [9]. The ultrasound 
shows hypoechoic areas within the arterial-sinusoidal fistula 
as well as direct visualization of the fistula on color Doppler 
imaging [6, 10]. Needle aspiration, while not utilized in the 
treatment of high-flow priapism, can have a diagnostic role 
as one of the initial steps in determining if the priapism can 
be characterized as high or low flow based on blood gas anal- 
ysis. Blood sample from corpora cavernosa is bright/high 
oxygenated in high-flow priapism while it is dark/low oxy- 
genated in low-flow priapism. Both computed tomography 
angiography (CTA) and magnetic resonance angiography 
(MRA) have also been demonstrated as an effective tool for 
displaying penile arterial and venous anatomy and localizing 
the site of the fistula [11, 12]. 


Management 


The American Urological Association states that the major- 
ity of arterial priapism cases resolve spontaneously and rec- 
ommend observation and conservative management as the 
first-line treatment for this form of priapism [1]. However, 
some studies suggest a low rate of resolution with conserva- 
tive management [13] or only temporary resolution with 
conservative options, including ultrasonographic compres- 
sion or intracavernous injection of alpha-adrenergic agents 
[14]. Many centers now manage this form of priapism by 
performing radiologic embolization of the feeding artery 
(Fig. 30.3). The aim is closing the arterial fistula achieving 
detumescence, without damaging the adjacent normal tissue, 
thus not compromising erectile function [15]. This technique 
was first described in 1977 utilizing autologous clot [16]. 
Since that time a number of studies have been published 
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describing the technique with a variety of embolic agents, 
including Gelfoam®, polyvinyl alcohol (PVA), microcoils, 
and N-butyl cyanoacrylate (NBCA) [12, 17, 18]. Although 
rare cases of bilateral fistulas have been described, unilateral 
embolization is recommended to avoid the risk of gangrene 
and erectile dysfunction. If bilateral embolization is neces- 
sary, absorbable embolic materials are preferred. 

Overall clinical success rates with embolization are high, 
with resolution of the priapism seen within 24 h following the 
procedure. Recurrence rates ranging from 7% to 27% have 
been reported after a single embolization treatment [19], also 
usually seen within the first 24 h following the procedure. 


Erectile Dysfunction 


Erectile dysfunction is the inability to achieve an erection or 
maintain an erection sufficient for satisfactory sexual perfor- 
mance [20]. The overall prevalence in the US male popula- 
tion over the age of 20 is approximately 18%. The incidence 
increases with age, with approximately 70.25% of men aged 
70 years or older affected [21]. It is particularly associated 
with cardiovascular risk factors, including diabetes mellitus, 
hypertension, vascular disease, and dyslipidemia. 

The American Urological Association (AUA) recom- 
mends that the initial evaluation of erectile dysfunction (ED) 
include a complete medical, sexual, and psychosocial history 
[20]. The international index of erectile function (IEF) is a 
questionnaire that has been developed to objectively assess 
erectile function [22]. First-line therapy includes lifestyle 
and pharmacotherapy modification as well as oral therapy 
with phosphodiesterase-5 inhibitors [23]. 

Further diagnostic testing is based on the findings during 
routine diagnostic workup. Because normal sexual function 
requires interactions among vascular, neurogenic, hormonal, 
and psychological systems, ED can result from the dysfunc- 
tion of any one of these systems. Following basic history and 
physical, additional workup includes laboratory investiga- 
tions (glucose, lipid profile, may be hormonal screening), 
various subspecialists consults (endocrinology, psychology, 
cardiology, etc.), and various specialized tests (injection and 
stimulation, duplex ultrasounds with vasoactive penile injec- 
tion, nocturnal penile tumescence test, pelvic angiogram, 
etc.) [24]. Specific vascular causes of ED may be related to 
veno-occlusive dysfunction (VOD) or arterial insufficiency, 
both of which may be amenable to endovascular therapy. 


Veno-occlusive Dysfunction 
With veno-occlusive dysfunction, incomplete relaxation of 


the corporeal smooth muscles causes incomplete resistance 
to outflow of blood from the corpora (previously termed 
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Fig. 30.3 (a) Selective catheterization of the left internal pudendal contrast filling the lacunar spaces of the distal corpora. (c) Control 
artery demonstrates early filling of the deep dorsal vein of the penis angiogram after embolization with Gelfoam® demonstrates no visual- 
(white arrow) via an AV fistula in the distal aspect of the penis (black ization of the AV fistula. Patient’s intermittent priapism resolved within 
arrow). (b) More distal catheterization demonstrates the AV fistula with 2 weeks following the procedure 
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“venous leakage’), and thus incomplete erection [25]. 
Patients with VOD often fare poorly with oral 
pharmacotherapy and frequently require long-term intracav- 
ernosal injection therapy [26]. Abnormalities of the venous 
system in erection can be diagnosed by cavernosometry, and 
the site of the venous “leakage” can be assessed with caver- 
nosography. Both techniques are generally employed in 
young men who are already diagnosed with ED to evaluate 
for VOD. 

In traditional cavernosography, two intracavernosal 19- to 
21-gauge butterfly needles are placed dorsolaterally in each 
corpus cavernosum, approximately halfway down the shaft. 
Contrast medium diluted at approximately 1:4 with heparin- 
ized saline is slowly infused through one of the needles at a 
rate starting at 40 ml/min, with the rate slowly increased over 
time. Only one side needs to be injected because the septum 
between the corpora cavernosa is fenestrated. The contrast 
medium will be seen filling both corpora and the superficial 
and deep veins draining the pelvis. The second catheter is 
attached to a pressure transducer to record intracavernous 
pressure change. The flow rates needed to induce and main- 
tain an erection are recorded [27]. 

In normal patients, infusion of approximately 80-120 mL 
of fluid will produce tumescence and finally an erection, 
with erection maintained at flow rates between 15 and 
50 mL/min. Intracavernous pressure will rise to at least 
80 mmHg for the duration of the erection. Veno-occlusive 
dysfunction is characterized by the absence of erection with- 
out significant increase of the intracavernous pressure. In 
many patients with VOD, much higher flow rates are needed 
to induce and subsequently maintain an erection [28]. 

Dynamic infusion cavernosometry and cavernosography 
(DICC) is a more comprehensive technique to evaluate the 
hemodynamic function of the penis. Unlike conventional 
cavernosography, DICC is performed after the intracaverno- 
sal injection of vasoactive agents, which lead to a pharmaco- 
logically induced erection, with subsequent provocative tests 
to determine the ability of the corpora cavernosa to optimally 
increase their venous outflow resistance. Systolic occlusion 
pressures in the left and right cavernosal arteries are also 
measured, which can help identify arterial occlusion or ste- 
nosis in the cavernous arterial bed [29]. 

Historically, erectile dysfunction caused by veno- 
occlusive dysfunction was treated by surgical ligation of the 
deep dorsal vein. Since that time, other surgical approaches 
have been described that include venous stripping or penile 
vascularization [30]. Subsequent research has investigated 
the role of interventional embolization of the deep dorsal 
vein of the penis in the treatment of erectile dysfunction 
caused by veno-occlusive dysfunction [25, 26, 31-35]. 
Being less invasive than surgical approach, interventional 
procedures have the potential to be performed on outpatient 
bases and less post-procedural complications; however, cur- 
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rently conclusions of endovascular therapy are limited by 
heterogeneity of clinical data and lack of well-controlled 
clinical trial. 

Ultrasound-guided catheterization of the deep dorsal vein 
of the penis is the most described method for embolization 
(Figs. 30.4, 30.5, and 30.6) [26]. After gaining access, venog- 


Fig. 30.4 Penile color Doppler waveform analysis (in the rigid phase) 
performed 15 min after intracavernosal pharmacologic stimulation with 
prostaglandin E1. The peak systolic velocity is 4.25 cm/s, which reflects 
the integrity of the arterial dilation, and the persistent end-diastolic 
velocity is 4.5 cm/s, which reflects low resistance. Both of these mea- 
surements are diagnostic criteria for VOD. (From Rebonato et al. [26], 
with permission Elsevier) 


Fig. 30.5 After the vein was punctured with a 20-gauge needle, a 
0.018-inch guide wire was gently advanced under fluoroscopic guid- 
ance. (From Rebonato et al. [26], with permission Elsevier) 
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raphy can be performed to allow visualization of the peri- 
prostatic venous plexus as well as the internal and external 


Fig. 30.6 Final result of complete embolization of the periprostatic 
venous plexus (note the radiopaque embolic mixture without subtrac- 
tion). (From Rebonato et al. [26], with permission Elsevier) 


pudendal veins. The endpoint of the embolization procedure 
is complete occlusion of the periprostatic venous plexus and 
related efferents, which is achieved by low viscosity liquid 
embolics penetrating deep into the venous plexus, promoting 
vessel inflammation, thrombosis, and eventual fibrosis [36]. 
The most common embolic material that has been described 
has been NBCA [25, 26, 35] mixed with a contrast agent, 
however, current analysis indicates no outcome differences 
based on choice of embolic [36]. It is recommended that 
application of the embolic material is performed during 
Valsalva maneuver to reduce the incidence of distal progres- 
sion of the glue. 

An alternative technique that has been described is retro- 
grade access to the periprostatic venous plexus via a femoral 
vein approach (Fig. 30.7) [34-37]. Using this technique, the 
venous anatomy can be evaluated first by selective venogra- 
phy of the internal pudendal vein, followed by subsequent 
selective catheterizations leading up to the confluence of the 
dorsal penile vein into the venous prostatic plexus. Attempt 
should be made to reach the most distal venous point when 
using this approach. 

Follow-up should involve the use of the HEF-6, a ques- 
tionnaire that quantifies erectile function, before and after 
the procedure to assess the success of therapy. Studies have 
described varying success following DDV embolization, 


Fig. 30.7 (a) Selective venography of the bilateral internal pudendal 
veins demonstrates reflux of contrast into the periprostatic venous 
plexus (white arrow) and right external pudendal vein (black arrow). 
(b) Following injection of N-butyl cyanoacrylate (NBCA) mixed with 


contrast, there is occlusion of flow within the periprostatic plexus. The 
patient reported an improvement in his erectile dysfunction in the 
month following the procedure 


480 


with reported clinical success (the ability to reach and main- 
tain an erection) ranging from 68% to 89%. 


Arterial Insufficiency 


Arterial insufficiency of the penis may result from atheroscle- 
rotic arterial lesions of the internal pudendal arteries or their 
terminal branches to the penis or from microangiopathy of the 
deep arteries (helicine arteries) of the corpora cavernosa. 
Decreased arterial inflow due to aortoiliac occlusions, as in 
Leriche syndrome, has also been associated with erectile dys- 
function [38]. It has been well documented that erectile dys- 
function shares common risk factors and often coexists with 
cardiovascular disease, as well as acting as an independent 
risk factor for future cardiovascular events [39, 40]. Thus, it is 
unsurprising that arterial disease can play a significant role in 
the pathogenesis of erectile dysfunction. Importantly, arterio- 
genic erectile dysfunction is associated with decreased rates of 
response to PDES inhibitors, suggesting the need for alterna- 
tive therapy in this patient population [41]. 

In patients who are candidates for penile arterial angio- 
plasty on the basis of DICC evaluation, conventional angiog- 
raphy or computed tomographic angiography (CTA) or 
magnetic resonance imaging angiography (MRA) studies 
can be performed to demonstrate the anatomy and distribu- 
tion of arterial lesions [42]. In order to achieve excellent 
visualization of the small arteries that constitute the penile 
blood supply, it is beneficial to maximize penile arterial 
inflow via pharmacologic induction of an erection [29]. 

Although arterial stenoses could theoretically be present 
anywhere in the ilio-pudendal-penile arterial system in 
patients with arteriogenic erectile dysfunction, studies have 
shown that the majority of lesions (up to 90%) are located in 
the common penile and internal pudendal arteries [43]. 
Lesions are most frequently multifocal, and isolated internal 
pudendal artery intervention will therefore be unsuccessful 
without simultaneous intervention of the more distal penile 
artery. The average diameters of the penile and internal 
pudendal arteries are 1-2 mm and 2-3 mm, respectively 
[43]. Early interventional treatment of arteriogenic erectile 
dysfunction was directed toward the larger arteries, includ- 
ing the common iliac and internal iliac arteries [44, 45]. 
However, with advancement in interventional techniques, 
more recent research has been directed toward treatment of 
these smaller caliber arteries—including both the internal 
pudendal and penile arteries [43, 46, 47]. 

For transluminal angioplasty of the distal internal puden- 
dal or penile arteries, either an ipsilateral or a contralateral 
femoral or radial approach can be used. Arterial flow should 
be augmented with intracavernosal injection of papaverine 
(30-60 mg) [48]. An alternative option is the injection of 
intraarterial nitroglycerin (150—200 ug) [43, 49]. Unilateral 
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dilatation is usually sufficient to provide clinical success, as 
the patency of a single cavernosal artery can provide adequate 
blood flow and pressure for erection [47]. Newer approach 
includes utilization of drug eluding stents for focal athero- 
sclerotic lesions of the internal pudendal arteries [50]. 

Like VOD, follow-up should involve questionnaire such 
as ITEF-6, IIEF-5, etc., before and after the procedure. 
Although there is limited data, application of angioplasty 
with or without stent placement has demonstrated improve- 
ment in erectile function in up to 54-72% of patients with 
erectile dysfunction with penile artery stenoses and not 
responsive to PDES inhibitors [35]. 
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Anatomy 


Knowledge of adrenal anatomy is critical to safe access and 
determines risk for percutaneous adrenal interventions. The 
adrenal glands are retroperitoneal organs located on the lat- 
eral edges of the vertebral column in front of the 12th rib on 
the right and the 11th and 12th ribs on the left [1]. They lie 
superior or superomedial to the upper pole of the kidneys and 
anterior to the crus of the diaphragm. The left gland is bound 
medially by the aorta and covered anteriorly by the stomach, 
pancreas, and splenic vessels. The right adrenal gland lies 
lateral to the inferior vena cava and posterior to the liver [2]. 
Both are embedded in the perirenal fat and enclosed by the 
Gerota’s fascia [1, 2]. The left adrenal is crescent-shaped, 
and the right adrenal is triangular in shape [1, 3]. Each adre- 
nal gland is approximately 5 x 3 x 1 cm in size and weighs 
between 4 and 6 g [1, 3]. The superior adrenal arteries arise 
from the inferior phrenic arteries and provide the main blood 
supply; the middle adrenal arteries branch from the aorta; 
and the inferior adrenal arteries branch from the renal arter- 
ies [2, 4]. The left adrenal vein joins the inferior phrenic 
vein and drains into the left renal vein, while the short right 
adrenal vein drains directly into the posterior surface of the 
inferior vena cava [1, 2, 4]. The main lymphatic drainage of 
the adrenal glands is through the para-aortic lymph nodes on 
the left and the paracaval lymph nodes on the right [2]. The 
splanchnic ganglia innervate the adrenal cortex via the post- 
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ganglionic sympathetic nerve fibers, and the adrenal medulla 
is innervated by preganglionic nerve fibers from the lower 
thoracic and lumbar spinal cord T11 to L2 through the sym- 
pathetic chain [2, 5-7]. 


Embryology 


The adrenal cortex is derived from the intermediate meso- 
derm of the urogenital ridge, and the adrenal medulla arises 
from the neural crest cells in the adjacent neuroectoderm 
sympathetic ganglia at the level of the celiac plexus [8]. 
Since the adrenals and kidneys have separate embryologic 
origins, the ipsilateral adrenal is usually present and nor- 
mally located in cases of renal agenesis, malrotation, or mal- 
position, but they may assume a discoid shape [8]. At birth, 
the adrenal gland is twice the weight of an adult gland and 
is roughly one-third the size of the neonatal kidney, whereas 
the size of the adult gland is about 8% of that of the kid- 
ney [8, 9]. The fetal cortex rapidly regresses and disappears 
by 6 months of age, while the adult zona glomerulosa and 
fasciculata fully differentiate by age three. Zona reticularis 
develops after 4 years of age and may take up to 15 years of 
age to fully differentiate [9]. 


Physiology 


The adrenal gland consists of the cortex and medulla. The 
cortex contains three zones, each with specific steroid hor- 
mone production from cholesterol as the common precursor 
[10]. The zona glomerulosa produces the mineralocorticoid 
aldosterone (100—150p1g/day) [10]. It is chiefly activated by 
angiotensin II through the renin-angiotensin-aldosterone 
pathway and directly by serum potassium [10]. Aldosterone 
regulates electrolyte metabolism by stimulating the distal 
renal tubules and cortical collecting ducts to reabsorb Na+ 
and Cl— while secreting H+ and K+. The sodium reabsorp- 
tion is accompanied by reuptake of free water, thus affect- 
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ing total body fluid volume [10, 11]. The zona fasciculata 
produces the glucocorticoid cortisol (10-20 mg/day), is pri- 
marily influenced by adrenocorticotropic hormone (ACTH), 
and follows a strict circadian schedule with peak cortisol 
production occurring in the early morning [12]. The zona 
reticularis produces adrenal androgens dehydroepiandros- 
terone (DHEA), dehydroepiandrosterone sulfate (DHEAS), 
and androstenedione (>20 mg/day), and it also appears to 
be under control of ACTH and exhibits circadian patterns 
[10]. These adrenal androgens represent an important com- 
ponent of circulating androgens in premenopausal women 
but a much smaller contribution in men. However, adrenal 
androgen excess may be of clinical significance even in men 
[13]. The adrenal medulla is responsible for the production 
of epinephrine (80%], norepinephrine (19%), and dopamine 
(1%) [5]. The conversion of norepinephrine to epineph- 
rine is catalyzed by the enzyme phenylethanolamine-N- 
methyltransferase, which is relatively unique to the adrenal 
medulla (other than the brain and the organ of Zuckerkandl) 
(2, 14]. Epinephrine and norepinephrine are metabolized 
to metanephrine and normetanephrine, respectively, by 
catechol-O-methyltransferase (COMT]. In the liver, mono- 
amine oxidase, COMT, and other enzymes subsequently 
convert the catecholamine metabolites to the primary meta- 
bolic end product, vanillylmandelic acid (VMA) [14]. 


Adrenal Incidentaloma 


Incidental adrenal lesions may present a diagnostic or thera- 
peutic challenge. Adrenal incidentaloma is defined as an 
unsuspected adrenal mass greater than 1 cm in diameter 
identified on examination for non-adrenal purposes, with 
no presenting signs or symptoms of adrenal disorder [15]. 
It has an incidence of approximately 5% and is found at 
autopsy in 1-8.7% [16, 17]. More women have incidental 
adrenal masses, but this likely reflects the sex distribution of 
the population undergoing imaging procedures [17, 18]. The 
incidence increases with age, with risk of less than 0.2% in 
patients younger than 30 years old and 6.9% in those over 
70 years of age [19]. In patients with known extra-adrenal 
malignancy, approximately 25-36% of adrenal incidentalo- 
mas represent metastases, but the risk increases up to 73% 
with larger size [17, 20-23]. Nearly 20% of incidental adre- 
nal masses potentially require surgical treatment (Table 31.1) 
[24]. Evaluation of adrenal incidentaloma requires both 
imaging and biochemical testing in determining appropriate 
management (Fig. 31.1 Flowchart). 
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Table 31.1 Characteristics of adrenal incidentalomas 


Adrenal lesions Percent of total 


Functioning adenoma 11.4-14.7 
Subclinical Cushing’s syndrome 5.3-7.9 
Aldosterone-producing adenoma 1.0-1.2 
Pheochromocytoma 5.1-5.6 

Malignant 6.5-7.2 
Adrenal cancer 4.4-4.7 
Metastasis 2.1-2.5 

Total potentially surgical lesions 17.9-21.9 

Apparent nonfunctioning adenoma 78.1-82.1 


Data from [17, 24] 


Size and Growth 


Median size of an adrenal incidentaloma at presentation is 
approximately 3 cm [17, 25]. Malignant potential increases 
with size, and adrenocortical carcinoma (ACC) accounts 
for 2% of tumors up to 4 cm in size, 6% of tumors that are 
4.1-6 cm, and 25% of tumors that are greater than 6 cm 
[4, 17, 18, 26, 27]. In contrast, benign adrenal adenomas 
account for less than 15% of masses greater than 6 cm [18]. 
Benign to malignant ratio has been estimated to be 5:1 at 
a cutoff of greater than 3 cm in diameter and 3:1 at a cut- 
off of greater than 4 cm [17]. While masses greater than 
6 cm should be considered malignant until proven benign 
and generally require surgical excision, many experts rec- 
ommend 4 cm as the cutoff diameter for surgical resec- 
tion in otherwise healthy patients [2, 15, 18, 25, 28]. The 
4 cm criterion has a 93% sensitivity and 42% specificity 
for detecting malignancy and is felt to minimize number 
of unnecessary operations while avoid missing virtually 
all ACC [25, 28]. However, ACC is more commonly found 
in younger patients and the incidence of benign adrenal 
adenomas increases with age [15, 25]. Therefore, the deci- 
sion regarding adrenalectomy for an incidentaloma should 
integrate the assessment of metabolic activity, tumor size, 
imaging characteristics, patient age, comorbidity status, 
surgical risk, presence of other malignancies, and tumor 
growth kinetics [2, 4, 15]. 

A minority of adrenal masses grow over time, with 
approximately 9% growing more than 1 cm in a mean period 
of 3 years [17]. Even in the group of growing masses, the 
rate of malignant transformation is exceedingly low at 
around 1 in 1000, with rapid growth as a worrisome sign 
[15, 17, 29]. Growth by 1 cm or more during the period of 
observation has been recommended as a criterion to consider 
surgical removal [4, 15, 17]. The current recommendations 
for repeat imaging are at 6, 12, and 24 months [2, 4, 15, 18, 
30]. Suspicious and unusual masses may require more fre- 
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"Biochemical evaluation 
=-1 mg dexamethasone suppression test, late-night salivary cortisol, or 24-hr urinary free cortisol 
=-Plasma free metanephrines or 24-h urinary fractionated metanephrines 


"-Renin-aldosterone ratio (if patient has hypertension) 


Metabolic inactive Metabolic active 


= Confirmatory testing 


Size on imaging (e.g. ACTH, sodium 
challenge) 


Surgical excision 
(adrenal vein sampling 
first if primary 
hyperaldosteronism) 


If unenhanced CT If unenhanced CT 
available unavailable 


CT or MRI abdomen 
adrenal protocol 


Adenoma Non-adenoma 


Observe with repeat 
imaging in 6-12 Surgical excision 
months 


Fig. 31.1 Adrenal incidentaloma management flowchart 
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quent imaging protocol, while small (<4 cm), clearly benign 
appearing nodules in patients with no history of malignant 
disease may be monitored less frequently [15, 31]. 


Biopsy of Adrenal Masses 


Adrenal biopsy has limited role in the workup of adre- 
nal masses. While biopsies have high positive and nega- 
tive predictive values in patients with a known non-adrenal 
malignancy, they cannot reliably differentiate benign from 
malignant adrenocortical tumors [2, 4, 15, 18, 28, 32, 33]. 
Although complication rate for adrenal biopsies is low, some 
complications, such as needle track seeding, hemorrhage, 
pneumothorax, and hemothorax, can seriously affect patient 
well-being and limit surgical options [2, 4, 15, 28]. Therefore, 
adrenal biopsy should be pursued only when its result is cer- 
tain to influence management and radiologic and metabolic 
diagnostic limitations have been reached [2, 4, 15]. Prior to 
performing an adrenal biopsy, the possibility of pheochromo- 
cytoma must be evaluated with metabolic testing in order to 
prevent life-threatening hypertensive crises [18, 30]. Adrenal 
biopsy is often performed with CT and ultrasound guidance, 
with the target side dependent (down), to reduce risk for 
transgressing pleura, which reduces the risk for procedural 
pneumothorax. On occasion, right adrenal mass biopsy may 
be performed via a trans-hepatic route, which can commonly 
be monitored in real time with ultrasound. 


Adrenal Mass Imaging 


Computed tomography (CT) and magnetic resonance imag- 
ing (MRI) are able to discriminate with high degree of 
accuracy among the various types of incidentally detected 
adrenal lesions [3], but ultrasonography is suboptimal for 
detection and characterization of adrenal tumors [34, 35]. 
Important attributes, such as size, laterality, homogene- 
ity, density, and anatomic relationships, are also accurately 
assessed by MRI and CT [2]. Large size, irregular shape, 
vague contour, and invasion into surrounding structures 
generally indicate malignancy [35]. However, metastatic 
lesions can be homogeneous and similar in appearance to 


ACEW = 


CECT attenuation at 60s — CECT attenuation at 15 min 
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adenomas [36]. Characterization of adrenal lesions relies on 
the identification of intracellular lipid, perfusion differences, 
and metabolic activity that differentiate a benign adenoma 
from nonadenomas [36, 37]. Since most (>70%) adrenal 
adenomas contain much higher intracellular lipid content 
than other adrenal lesions, lipid sensitive imaging is highly 
effective in their identification [36, 38]. Nevertheless, CT or 
MRI characteristics do not eliminate the need for a complete 
metabolic workup of all adrenal tumors [2, 18]. 


Computed Tomography 


The ideal adrenal CT should include unenhanced, 60-s post- 
contrast, and 15-min postcontrast images, but an unenhanced 
CT is perhaps the single best and most easily interpretable 
test to diagnose an adrenal adenoma [2, 3]. Adrenal adeno- 
mas demonstrate a low attenuation value on unenhanced CT 
due to their high lipid content. The measurement of attenu- 
ation value should involve a region of interest (ROJ) that is 
one-half to two-thirds of the lesion’s surface area through 
the center of the lesion and avoid areas of necrosis [3, 36]. 
A Hounsfield unit (HU) of 0 or less is 100% specific but 
only 47% sensitive for a benign adenoma [39]. An attenu- 
ation value of 10 HU or less, which is currently the most 
widely adopted threshold to characterize a benign lipid-rich 
adenoma, improves the sensitivity to a clinically acceptable 
71% while maintaining specificity of 98% [36, 40]. Unlike 
an unenhanced CT, the utility of a single contrast-enhanced 
(CE) CT is limited, as tremendous overlap in postcontrast 
attenuation values exists between adenomas and nonadeno- 
mas [41]. 

Up to 30% of adrenal adenomas are lipid-poor and have 
an attenuation of greater than 10 HU on unenhanced CT, 
making them indistinguishable from other lesions [40]. They 
demonstrate rapid washout of contrast, a property that is 
unique to adenomas [3, 35, 36]. While the absolute attenua- 
tion measurement on a delayed CT is not useful, the ratio of 
adrenal attenuation comparing washout-delayed scan to the 
initial dynamic enhanced scan is able to characterize adrenal 
lesions with great precision [36]. If an unenhanced CT has 
been obtained, the percentage of absolute contrast enhance- 
ment washout (ACEW) can be calculated by [3, 36]: 


x 100 


CECT attenuation at 60s — unenhanced CT attenuation 
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Frequently in clinical practice, the unenhanced CT is unavail- 
able. The relative contrast enhancement washout (RCEW) is 


RCEW = 


CECT attenuation at 60s — CECT attenuation at 15 min 5 
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calculated in these scenarios [3, 36]: 


100 


CECT attenuation at 60s 


An ACEW of >60% and a RCEW of >40% after 15 min 
delay are both highly sensitive and specific for an adenoma 
(sensitivity 88% and 96%, specificity 96% and 100%, 
respectively), and these thresholds are adopted most com- 
monly (Fig. 31.2) [3, 36, 42]. An adrenal CT protocol can 
be established in which an unenhanced CT is obtained and 
reviewed by the radiologist. If a lipid-rich adenoma is char- 
acterized with <10 HU, the study is ended and no further 
imaging is done. Otherwise, intravenous contrast is adminis- 
tered, and CECT is obtained at 60 s and 15 min. This proto- 
col is reported to achieve sensitivity of 98% and specificity 
of 92% for identifying adenomas [43]. Although a >50% 
RCEW after 10 min has been reported to have a high sen- 
sitivity and specificity, the 10 min protocol was later found 
to lack sufficient accuracy for routine clinical practice [36, 
44, 45]. 


Magnetic Resonance Imaging 


Standard adrenal MRI should include T1, T2, chemical shift 
imaging (CSI) in- and opposed phase, and T1 fat-saturated 
sequences [3]. The normal adrenal has a uniform interme- 
diate T1 and a low-to-intermediate T2 signal intensity, and 
it is better demonstrated on T1 fat-saturated images due to 
the suppression of signal from surrounding retroperitoneal 
fat [3]. Signal loss on fat saturated images indicates pres- 
ence of macroscopic fat [46]. CSI detects intracellular lipid 
in adenomas by exploiting the different frequency of pro- 
ton oscillation in water and lipid molecules [3, 36, 47]. In 
adenomas that contain intracellular lipid, the signal intensity 
on opposed-phase sequences drops out compared to in-phase 
images, whereas it remains unchanged in malignant lesions 
and pheochromocytomas, which lack intracellular lipid 
(Fig. 31.3) [3, 36, 38, 47]. In general, simple visual assess- 
ment of relative signal intensity loss is sufficient, but equivo- 
cal cases may need quantitative evaluation [3, 47, 48]. The 


adrenal-to-spleen chemical shift ratio of <70 or signal inten- 
sity index of >16.5% at 1.5 T may be used to identify lipid- 
rich adenoma [3, 36, 48-50]. In lipid-rich adenoma, CSI is 
similar to unenhanced CT in accuracy and avoids ionizing 
radiation, although at significantly higher cost [36]. While 
CSI may appear to be superior in lipid-poor adenomas with 
unenhanced CT attenuation values between 10 and 30 HU, 
adrenal protocol CT outperforms CSI MRI in high-density 
adenomas >20-30 HU on unenhanced CT [51-56]. Further 
modification of CSI to subtraction CSI, where the opposed- 
phase images are subtracted from the in-phase images, can 
be helpful in equivocal cases to further improve diagnostic 
accuracy [57]. Macroscopic fat, such as in myelolipoma, is 
detected by the presence of India-ink artifact on CSI [46]. 
Unlike contrast-enhanced CT washout studies, gadolinium- 
enhanced MR washout studies do not exhibit sufficient diag- 
nostic strength [2—4]. Nevertheless, adenomas demonstrate 
certain enhancement patterns that may aid in discriminating 
them from malignant lesions, such as homogeneous enhance- 
ment, ring enhancement, and early peak enhancement [58]. 


Functional Imaging 


!8F-fluorodeoxyglucose positron emission tomography 
('8F-FDG-PET) has demonstrated high sensitivity and 
specificity in identification of malignant adrenal tumors, 
including adrenocortical carcinomas, metastatic pheochro- 
mocytomas, and metastatic lesions to the adrenal gland 
[59—61]. In patients with known extra-adrenal malignancy, 
visual assessment of lesion FDG uptake greater than 
liver and quantitative assessment of ratio of standardized 
uptake value in lesion/liver >1 both achieve high sensi- 
tivity and specificity in detecting malignant lesions, espe- 
cially when combined with unenhanced and washout CT 
evaluations [59, 62]. False-negative !8F-FDG-PET have 
been reported in small (<1 cm) metastatic adrenal lesions, 
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Fig. 31.2 A 53-year-old woman underwent an adrenal protocol CT for 
evaluation of a left adrenal nodule found during workup of hyperaldo- 
steronism. (a) Unenhanced CT shows a left adrenal nodule (arrow) with 
an attenuation value of 14 HU, indicating an indeterminate mass. (b) 
Delayed images 60 s after contrast injection show that the mass has an 
attenuation value of 142 HU (arrow). (c) Delayed images 15 min after 


hemorrhage or necrosis within lesion, and adrenal metas- 
tases from pulmonary carcinoid and bronchioloalveolar 
lung carcinoma [63]. !'C-metomidate, a radiotracer that 
is preferentially taken up by adrenocortical cells, is used 
to distinguish adrenocortical and non-cortical lesions but 
is unable to differentiate benign adenomas from adreno- 
cortical carcinomas [64—66]. However, it can be useful in 
detecting metastatic lesions in adrenocortical carcinoma 
[67]. Radionuclide scintigraphy with '3'I-6B-iodomethyl- 
norcholesterol (NP-59), another marker of adrenocorti- 


contrast injection show that the mass has an attenuation value of 60 HU 
(arrow). The mass is consistent with an adenoma with an absolute con- 
trast enhancement washout of 64% and relative contrast enhancement 
washout of 58%. (d) Unenhanced CT 6 months later shows unchanged 
mass size (arrow) 


cal tissue, can distinguish lesions of adrenocortical origin 
from other space-occupying lesions [19]. However, NP-59 
is also unable to identify adrenal adenomas from adreno- 
cortical carcinomas, and it is currently not approved by the 
US Food and Drug Administration [2, 3, 36]. 

123I metaiodobenzylguanidine (MIBG), an analogue of 
norepinephrine that is incorporated into catecholamine stor- 
age vesicles, is used to identify pheochromocytomas [35, 

8]. However, MIBG scintigraphy has suboptimal sensitiv- 
ity and specificity, particularly in extra-adrenal, malignant, 
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Fig. 31.3 A 45-year-old man underwent a 1.5 T MRI with CSI that 
was consistent with left adrenal adenoma. (a) In-phase T1-weighted 
imaging demonstrates a left adrenal mass (arrow) with signal isointense 
to muscle. (b) Opposed-phase T1-weighted imaging shows dropout of 


and certain familial diseases, limiting its utility [2, 61]. 
'8F_dihydroxyphenylalanine ('7F-DOPA] PET combined with 
CT or MRI offers the potential to overcome limitations of 
MIBG scintigraphy, having higher spatial resolution, sensitiv- 
ity in detecting small, extra-adrenal lesions, and familial dis- 
eases [69-72]. 'SF-DOPA is not taken up by normal adrenal 
gland, and any uptake is a pathologic finding [69]. In addition, 
'8F_DOPA uptake parameters is shown to correlate with uri- 
nary metanephrines, possibly enabling in vivo characteriza- 
tion of metabolic profile of pheochromocytoma [73]. More 
recently, °Ga-DOTA(0)-Tyr(3)-octreotate (°*Ga-DOTATE), 
a somatostatin analog that binds to somatostatin receptors 
expressed on pheochromocytoma and paragangliomas, has 
been developed. Ga-DOTATE PET/CT has been shown to 
be superior to '8F-FDG, '8F-DOPA, and '°F-fluorodopamine 
PET/CT and CT/MRI in both sporadic and succinate dehy- 


signal in the left adrenal lesion (arrow) relative to the in-phase imaging. 
(c) Single-shot T2 weighted spin echo imaging reveals the left adrenal 
nodule (arrow) with low signal intensity 


drogenase subunit B-associated metastatic pheochromocy- 
toma and paragangliomas [74, 75]. Overall, the indication for 
functional imaging in the workup of adrenal incidentalomas 
is restricted due to the high diagnostic accuracy of biochemi- 
cal evaluation and cross-sectional imaging, but promising util- 
ity of agents such as Ga-DOTATE '8F-DOPA PET/CT may 
expand the role of functional imaging in pheochromocytoma 
evaluation [2, 4, 30, 36, 69, 74]. 


Biochemical Evaluation 


More than 10% of adrenal incidentalomas are metaboli- 
cally functional [24]. Metabolic testing for cortisol and cat- 
echolamine is recommended for all adrenal incidentalomas 
[18]. Aldosterone hypersecretion should also be assessed in 
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patients with a history of hypertension [15, 18, 76]. Since sex 
steroid hypersecretion is exceedingly rare, routine testing for 
sex hormones is not recommended [15, 18]. 


Testing for Cortisol Hypersecretion 


The three initial tests for Cushing’s syndrome in patients with 
adrenal incidentalomas are overnight low-dose (1 mg) dexa- 
methasone suppression test (1-mg DST), late-night salivary 
cortisol test, and 24-h urinary free cortisol test (UFC). The 
Endocrine Society recommends the 1-mg DST or late-night 
salivary cortisol test over UFC due to their superior sensitivity 
in the adrenal incidentaloma patient population [77]. 

For the 1-mg DST, 1 mg dexamethasone is given between 
2300 and 2400 h on the night before, and serum cortisol 
is obtained between 0800 and 0900 h. Alternatively, some 
endocrinologists prefer a 48 h, 2-mg/day DST for potential 
improved sensitivity. Patient’s failure to suppress cortisol 
level is indicative of Cushing’s syndrome [77]. A cutoff value 
of >1.8pg/dL, with a sensitivity of >95% and specificity of 
70-80%, is recommended for this screening test [77]. Levels 
between 1.9 and 5.0ug/dL is considered evidence of possible 
autonomous cortisol secretion, and levels >5.0ug/dL indi- 
cates autonomous cortisol secretion [31]. Various pharma- 
ceuticals may affect DST via their effect on CYP 3A4, such 
as phenytoin, phenobarbital, carbamazepine, rifampin, and 
alcohol. Therefore, patients receiving antiepileptic medica- 
tions known to affect dexamethasone metabolism should not 
undergo DST [77]. Oral contraceptives should be avoided 
since its estrogen component causes high false-positive rates 
by increasing cortisol-binding globulin concentration and 
thus total (but not bioavailable) cortisol levels [77]. 

Late-night salivary cortisol examines the loss of circadian 
rhythm in Cushing’s syndrome [77]. Measurements collected 
between 2300 and 2400 h with normal cutoff of <145 ng/dL 
have sensitivity and specificity of >90% [77]. This test may 
be influenced by patient factors including depression, altered 
sleep patterns, chronic illness, and tobacco use [77]. 

Twenty-four-hour urinary free cortisol evaluation directly 
measures free bioavailable cortisol. This test is most accurate 
in patients with a glomerular filtration rate >60 mL/min. It is 
the recommended test in pregnant patients, although cutoff 
values two to three times the normal threshold must be used 
to account for the physiologic hormonal changes [77]. 


Testing for Aldosterone Hypersecretion 
Although hypersecretion of aldosterone by adrenal masses 


is rare, with only 1% adrenal incidentalomas causing 
Conn syndrome, nearly 5% newly hypertensive patients 
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referred to hypertension centers have been found with 
aldosterone-producing adenoma [24, 78]. The screening 
test of choice for aldosterone hypersecretion is a morn- 
ing plasma aldosterone (ng/dL) to renin (ng/mL/h) ratio, 
where a ratio >20 or 30 and simultaneous aldosterone 
concentration >15 ng/dL are indicative of Conn syndrome 
[15, 18, 79, 80]. Patients with hypokalemia should nor- 
malize their potassium levels; patients on beta blockers, 
potassium-sparing or -wasting diuretics, central agonists, 
non-steroidal anti-inflammatory drugs, and mineralocorti- 
coid receptor blockers should stop those medications to 
prevent false results [15, 80, 81]. Confirmatory testing is 
necessary for patients with positive screening test, usually 
with a 3-day oral sodium challenge followed by 24-h uri- 
nary aldosterone measurement, and endocrinology referral 
should be considered [2, 15, 80, 82]. In cases of spontane- 
ous hypokalemia, undetectable plasma renin activity, and 
plasma aldosterone concentration >20 ng/dL, confirmatory 
testing may not be necessary [81]. 


Testing for Catecholamine Hypersecretion 


Approximately 5% of adrenal incidentalomas are pheo- 
chromocytoma [24]. Biochemical testing to rule out this 
disease should be performed in normotensive as well 
as hypertensive patients, as about half of patients with 
pheochromocytoma are not hypertensive [25, 83]. Either 
plasma-free metanephrine or 24-h urinary-fractionated 
metanephrine tests should be the initial biochemical test- 
ing for pheochromocytoma [61, 84, 85]. The superiority 
of the two tests has not been established, and both provide 
sensitivity of 97% and specificity around 90% [61, 86, 87]. 
Inherent characteristics of each test should be considered 
when choosing between the two. For example, plasma-free 
metanephrine is applicable in patients with renal failure, 
where urine collection may be inappropriate [61, 84, 85]. 
Conversely, it is recommended that blood be sampled 
after patient has been supine for 30 min, thus requiring 
more time and effort from the medical staff [61, 84, 85]. 
A number of medications, including acetaminophen, tri- 
cyclic antidepressants, phenoxybenzamine, monoamine 
oxidase inhibitors, and w-methyldopa, cause false positives 
and should be avoided [61]. Physiologic stress associated 
with extreme illness can also elevate plasma or urine meta- 
nephrines [61]. If results are equivocal, repeat testing after 
elimination of confounding medications, sampling errors, 
and physiologic stress should be performed. If abnormal 
results continue, referral to an endocrinologist is recom- 
mended, and additional investigation, such as clonidine 
suppression test and chromogranin measurements, may be 
performed [2, 61]. 
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Adrenal Diseases 
Cushing's Syndrome 


Cushing’s syndrome is defined as inappropriately high expo- 
sure of tissue to glucocorticoids [77]. Hypercortisolism can 
cause diverse effects on different organ systems (Table 31.2), 
and some physical features include reddish purple striae, 
plethora, proximal muscle weakness, and easy bruising [77]. 
Causes of Cushing’s syndrome can be divided into exogenous, 
due to iatrogenic glucocorticoid administration, and endog- 
enous, which is further separated into ACTH-dependent 
and ACTH-independent [2, 77]. The most common cause 
of Cushing’s syndrome is use of supraphysiologic amounts 
of exogenous glucocorticoids [88]. Of the endogenous 
Cushing’s syndrome, ACTH-dependent hypercortisolism 
accounts for 80-85%, with Cushing’s disease, or primary 
pituitary hypersecretion of ACTH, being the most common 


Table 31.2 Effects of glucocorticoids 


System Effect 

Central nervous system Depression 
Psychosis 

Endocrine system Decreased LH, FSH release 
Decreased TSH release 


Decreased GH secretion 

Menstrual irregularity 
Eyes Glaucoma 
Cardiovascular/renal systems Salt and water retention 


Hypertension 


Gastrointestinal tract 


Carbohydrate/lipid 
metabolism 


Adipose tissue distribution 
Genitourinary system 


Bone and calcium 
metabolism 


Skin/muscle/connective 
tissue 


Immune system 


Growth and development 
Data from [13, 77, 88] 


FSH follicle-stimulating hormone, GH growth hormone, LH luteinizing 


Peptic ulcerations 
Increased hepatic glycogen 
deposition 

Increased peripheral insulin 
resistance 

Increased gluconeogenesis 
Increased free fatty acid production 
Type 2 diabetes 

Visceral obesity 
Urolithiasis 

Erectile dysfunction 
Decreased libido 

Vertebral osteoporosis 


Protein catabolism/collagen 
breakdown 

Skin thinning 

Muscular atrophy 

Buffalo hump 

Hirsutism or female balding 
Acne 

Anti-inflammatory actions 
Immunosuppression 
Decreased linear growth 


hormone, TSH thyroid-stimulating hormone 
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cause [88]. Ectopic ACTH production nearly always arise 
from malignant processes, most commonly from small-cell 
carcinoma of the lung and bronchial carcinoid tumors [13, 88, 
89]. An extremely rare cause is production of corticotrophin- 
releasing hormone (CRH) by malignancies, most commonly 
bronchial carcinomas [89]. ACTH-independent Cushing’s 
syndrome is most often caused by unilateral adrenal tumors, 
including benign adenomas and adrenocortical carcinomas, 
in approximately 60% and 40% of cases, respectively [88]. 
Other rare causes of Cushing’s syndrome include ACTH- 
independent bilateral macronodular adrenal hyperplasia, as 
seen in McCune-Albright syndrome, and primary pigmented 
nodular adrenocortical disease, as seen in Carney complex 
[88-90]. 

After diagnosing Cushing’s syndrome (see section 
“Testing for Cortisol Hypersecretion”), the cause of 
hypercortisolism should be determined with endocrino- 
logic referral [77, 88]. ACTH-independent causes are dis- 
tinguished from ACTH-dependent ones by a low serum 
ACTH, and abdominal imaging is employed to identify 
the adrenal source [88]. For ACTH-dependent Cushing’s 
syndrome, direct downstream measurement of ACTH in 
the inferior petrosal sinus following CRH stimulation is 
the gold standard for separating ectopic ACTH production 
from Cushing’s disease [88, 89]. 

The main treatment option for Cushing’s disease is trans- 
sphenoidal surgical resection, and salvage radiation therapy 
is reserved for persistent or recurrent cases [88, 89]. For 
unilateral cortisol-producing adrenal masses, laparoscopic 
resection is preferred [88, 89]. Bilateral adrenalectomy with 
lifelong replacement therapy may be pursued for bilateral 
hyperplasia or ACTH-dependent causes that are not ame- 
nable to surgical resection of the source of ACTH [88]. For 
patients who are not candidates for surgical intervention, 
medical blockade with metyrapone, ketoconazole, mitotane, 
or etomidate may be attempted, although it is associated 
with significant toxicity [13, 88, 91, 92]. All patients should 
receive monitoring and adjunctive treatment for cortisol- 
dependent comorbidities [93]. 


Primary Hyperaldosteronism 


Primary hyperaldosteronism, or Conn syndrome, occurs 
in 5-13% of hypertensive patients [27, 82]. In this disease, 
aldosterone secretion is independent of the renin-angiotensin- 
aldosterone system and suppresses plasma renin levels [2, 94]. 
Patients are usually diagnosed in the third to sixth decades of 
life [2, 94]. Signs and symptoms include refractory hyperten- 
sion, hypokalemia, periodic paralysis, muscle weakness and 
cramping, polydipsia, and polyuria [82, 94]. However, no 
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characteristic is specific to this syndrome, and hypokalemia 
is frequently absent [82, 94]. The vast majority of primary 
hyperaldosteronism is caused by bilateral adrenal hyperpla- 
sia (60%) and adrenal adenoma (35%) [82]. Comparatively, 
aldosterone-producing adenomas are associated with more 
profound hypertension and hypokalemia [78]. Less com- 
mon causes of primary hyperaldosteronism include unilateral 
adrenal hyperplasia (2%), adrenocortical carcinoma (<1%), 
familial hyperaldosteronism (<1%), and ectopic aldosterone- 
producing adenoma or carcinoma (<1%) [82]. Conn syndrome 
is associated with earlier and worse cardiac and renal damage, 
underlying the need for treatment [95, 96]. 

Indications for primary hyperaldosteronism screening are 
listed in Table 31.3. Once screening and confirmatory test- 
ing achieve the diagnosis of the disease (see section “Testing 
for Aldosterone Hypersecretion’’), subtype differentiation is 
essential to determine surgically correctable disease, includ- 
ing aldosterone-producing adenoma or carcinoma, primary 
unilateral adrenal hyperplasia, or ectopic aldosterone- 
producing tumors [2, 76]. An adrenal CT scan is indicated to 
evaluate the presence of adrenal nodules in potential surgi- 
cal candidates [2]. Correct lateralization is more important 
with advancing age as the incidence of adrenal incidentalo- 
mas increases [76]. When compared to adrenal vein sam- 
pling for lateralization of aldosterone hypersecretion, CT/ 
MRI is shown to be discordant in close to 40% of cases. If 
only anatomic imaging is performed, inappropriate adrenal- 
ectomy would have occurred in almost 15% of cases, inap- 
propriate exclusion from adrenalectomy in almost 20% of 
time, and wrong side adrenalectomy would occur in close 
to 5% of patients [97]. Patients considering surgery who 
are older, with bilateral abnormal glands or with unilateral 
microadenoma(s), should undergo bilateral adrenal vein 
sampling for lateralization of aldosterone secretion [2, 76, 
98, 99]. A young patient (<35 years old) with primary hyper- 
aldosteronism who has spontaneous hypokalemia, marked 
aldosterone excess, and an adrenal adenoma >1 cm with a 
morphologically normal contralateral adrenal gland may not 
need adrenal vein sampling prior to proceeding with surgical 


Table 31.3 Indications for primary hyperaldosteronism screening 


Hypertension with hypokalemia 

Resistant hypertension 

Adrenal incidentaloma with hypertension 

Early onset hypertension (<20 years) or stroke (<50 years) 

Severe hypertension (>160 mmHg systolic or >110 mmHg diastolic) 
Whenever considering secondary causes of hypertension 
Unexplained hypokalemia (spontaneous or diuretic induced) 
Evidence of target organ damage disproportionate to degree of 
hypertension 


Data from [2, 82] 
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resection of the adenoma given the rarity of incidental ade- 
nomas in this population [2, 76, 81, 82, 98, 100]. The details 
of adrenal vein sampling will be discussed in the next chap- 
ter. Genetic testing for familial hyperaldosteronism should 
be considered for patients with onset of primary hyperaldo- 
steronism younger than 20 years of age or with significant 
family history [81]. 

Treatment for primary hyperaldosteronism aims to 
remove the source of excess aldosterone or to block its effect 
on target organs [82]. Laparoscopic unilateral adrenalectomy 
is preferred for aldosterone-producing adenomas or unilat- 
eral adrenal hyperplasia (Fig. 31.4) [82, 98]. Although blood 
pressure control improves in 100% of patients postopera- 
tively, long-term cure rate of hypertension ranges from 30% 
to 72%, most likely due to concurrent primary hypertension 
[82, 101, 102]. Medical therapy with aldosterone antagonists 
spironolactone or eplerenone is indicated for patients who 
have surgically uncorrectable subtypes and those who are 
not surgical candidates [82, 98]. 


Pheochromocytoma 


Pheochromocytoma is a tumor arising from catecholamine- 
producing adrenomedullary chromaffin cells [61]. Its preva- 
lence in hypertensive patients in general outpatient clinics 
varies between 0.2% and 0.6% [61]. Approximately 3-5% 
of adrenal incidentalomas are pheochromocytomas [24, 25, 
103]. About 10% of pheochromocytomas are located bilater- 
ally [80]. Up to a quarter of pheochromocytomas are extra- 
adrenal and are known as paragangliomas, as they arise from 
paraganglia that anatomically parallel the sympathetic and 
parasympathetic ganglia of the head, neck, thorax, abdomen, 
and pelvis [2, 61, 104]. Pheochromocytoma may be malig- 
nant, which can only be defined by the presence of clinical 
metastasis [2]. While less than 5% of adrenal pheochromocy- 
tomas are malignant, metastases accompany a third of extra- 
adrenal diseases [105]. The 5-year survival rate of malignant 
pheochromocytoma is less than 50% without treatment 
[106]. More than a third of patients have been found to harbor 
germline mutations [61]. The most common genes involved 
in germline mutations are mitochondrial succinate dehydro- 
genase subunit B and D (SDHB, SDHD), von Hippel-Lindau 
(VHL), rearranged transfection protooncogene (RET), and 
neurofibromatosis type 1 (NF1) (Table 31.4) [61]. Of the 
familial forms of pheochromocytoma, mutations of SDHB 
and FH lead to metastatic disease in more than 40% of 
patients [61, 107-110, 112]. With such common germline 
mutations present, the Endocrine Society recommends that 
all patients with pheochromocytoma/paraganglioma engage 
in shared decision making for genetic testing [61]. 
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Fig. 31.4 A 76-year-old man presented with rapidly worsening hyper- 
tension requiring three medications, hypokalemia with serum potas- 
sium at 3.6 mmol/L while on potassium replacement. His aldosterone 
level was 39.1 ng/dL and aldosterone/renin ratio was 97.5. He under- 
went CT adrenal protocol. (a) Unenhanced CT shows a right adrenal 
nodule with an attenuation value of 13 HU (arrow); (b) 75 s enhanced 
CT shows the mass with attenuation value of 109 HU (arrow); (c) 
15 min delayed enhanced CT shows the mass with an attenuation value 


The main clinical feature of pheochromocytoma is par- 
oxysmal hypertension, but nearly 50% of patients with 
incidentally discovered pheochromocytoma may be normo- 
tensive [113]. Classic triad hallmark of the disease includes 
sudden headache, palpitations, and sweating [80]. Five bio- 
chemical phenotypes of pheochromocytoma exist, including 
“Truly biochemically silent,” “Biochemically pseudo-silent,” 
“Noradrenergic,’ “Adrenergic,’ and “Dopaminergic.” 
Symptomatology differs depending on the type of excess hor- 
mone (Table ) [111]. Sporadic forms of pheochromocy- 
toma are most often diagnosed in patients aged 40-50 years, 
while hereditary forms are more commonly diagnosed before 


of 32 HU (arrow). Absolute contrast enhancement washout is 80%. 
Adrenal vein sampling revealed right adrenal vein aldosterone level at 
36,000 ng/dL with aldosterone/cortisol ratio 120 and normal left aldo- 
sterone levels, indicating aldosterone-secreting right adrenal adenoma. 
Patient underwent right robotic-assisted laparoscopic adrenalectomy. 
Pathology confirmed adrenal cortical adenoma. Postoperatively, 
patient’s blood pressure improved, and hypokalemia resolved 


age 40 [105]. Malignant lesions tend to be larger (>5 cm) 
and exhibit elevated dopamine levels, and the most common 
metastatic sites are bone, lungs, liver, and lymph nodes [105]. 
Plasma level of methoxytyramine, a metabolite of dopamine, 
is 4.7-fold higher in patients with compared to without metas- 
tasis and may serve as a biomarker for metastatic pheochro- 
mocytoma [114, il. 

Biochemical testing is the first step in evaluation of a 
patient suspected of having pheochromocytoma (see sec- 
tion “ i ”?) [2]. Once 
there is clear biochemical evidence of pheochromocytoma, 
imaging studies are needed for localization of the lesion [61]. 
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Table 31.4 Hereditary forms of pheochromocytoma (PHEO) 


% of all PHEO Risk of Rate of malignant 
Syndrome Clinical characteristics Gene patients PHEO (%) disease (%) 
Familial paraganglioma syndrome Carotid body tumors SDHB 10.3 20 >40 
type 4 Vagal, jugular, tympanic, thoracic, or 
abdominal paragangliomas 
Familial paraganglioma syndrome Carotid body tumors SDHD 8.9 20 <3 
type 1 Vagal, jugular, tympanic, thoracic, or 
abdominal paragangliomas 
Von Hippel-Lindau syndrome Renal cell carcinomas and cysts VAL ES 10-20 5 
Brain and retinal hemangioblastoma 
Pancreatic neoplasms and cysts 
Epididymal cystadenomas 
Endolymphatic sac tumors 
Multiple endocrine neoplasia type Medullary thyroid cancer RETIRES 50 3 
2A Primary hyperparathyroidism 
Cutaneous lichen 
Amyloidosis 
Multiple endocrine neoplasia type Medullary thyroid cancer RETERES 50 3 
2B Mucocutaneous neuromas 
Skeletal deformities (Marfanoid body 
habitus) 
Joint laxity 
Myelinated corneal nerves 
Intestinal ganglioneuromas (Hirschsprung 
disease) 
Neurofibromatosis type 1 Neurofibromas INE SS 1 11 
Café au lait skin spots 
Malignant peripheral nerve sheath tumor 
Optic glioma 
Lisch nodule 
Skeletal abnormalities 
Hereditary leiomyomatosis and Cutaneous leiomyomas FH <l = >40% 
renal cell carcinoma Papillary renal cell carcinoma 
Multiple and/or malignant 
pheochromocytoma or paraganglioma 
Data from [61, 105, 107-111] 
Table 31.5 Pheochromocytoma/paraganglioma phenotypes 
Associated 
Pheotype Common location mutations Clinical characteristics 
Truly biochemically 
silent Head & neck paraganglioma SDHx 
Biochemically = Falsely normal catecholamine level due to small tumor burden or 
pseudo-silent catecholamine production fluctuation 
Noradrenergic Extra-adrenal VHL Sustained hypertension and tachycardia 
SDHx Hypertensive crises 
Myocardial infarction 
Lethal tachyarrhythmia 
Acute intramural hemorrhage 
Adrenergic Adrenal RET Free metanephrine >10% of combined free metanephrine and 
NF1 normetanephrine 
Hyperglycemia 
Hyperlipidemia 
Paroxysmal symptoms with antihistamine, tricyclic 
antidepressants, anesthetics, tyrosine-rich foods 
Dopaminergic Extra-adrenal, commonly SDHx, especially Abdominal pain 
head & neck SDHB Diarrhea 
Nausea/vomiting 
Hypotension 
Weight loss 


Data from [111] 
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On imaging, pheochromocytomas usually appear as smooth, 
round, well-circumscribed lesions [2, 15, 36]. Their internal 
architecture varies depending on the degree of central necro- 
sis and may be homogeneous, heterogeneous, solid, cystic, 
or calcified [3, 61]. Due to its rich vascularity and low lipid 
content, pheochromocytomas typically have an attenuation 
of >10 HU on unenhanced CT [15, 113]. On enhanced CT, 
pheochromocytomas characteristically demonstrate intense 
contrast enhancement and slow washout on delayed images 
[3, 4, 15, 19, 36, 116]. However, rare low-density pheochro- 
mocytomas have been reported to mimic adenomas with <10 
HU attenuation and quick washout (>60%) characteristic, 
thereby stressing the importance of biochemical evaluation 
[117]. The use of nonionic contrast dye is safe without the 
need for adrenergic receptor blockade [61]. While CT with 
contrast provides excellent spatial resolution and is recom- 
mended as the initial imaging modality, MRI is useful in 
children, pregnant women, and patients who have allergy 
to CT contrast [61, 105]. Pheochromocytomas are typically 
isointense to the liver on Tl-weighted images and do not 
exhibit signal dropout on opposed-phase sequences of CSI 
[3, 4, 27]. Classically, bright signal intensity on T2-weighted 
imaging, known as the “light bulb” sign, is associated with 
pheochromocytomas, but this imaging characteristic is nei- 
ther specific nor sensitive enough for diagnosis (Fig. 31.5) [2, 
61, 113]. In metastatic disease, '7F-FDG-PET/CT has been 
the preferred imaging modality [61]. Use of !3I-MIBG scin- 
tigraphy is suggested when radiotherapy using '*!I-MIBG is 
planned and occasionally in patients who have an increased 
risk of metastasis, such as those with a large primary tumor 
(>5 cm), extra-adrenal, multifocal, or recurrent disease [61, 
105]. Emerging '"F-DOPA and ®Ga-DOTATE PET/CT 
appear to provide improved sensitive and specific identifi- 
cation of pheochromocytoma, especially in small lesions, 
extra-adrenal sites, and familial cases [69—72, 74, 75]. 
Surgical resection is the mainstay of treatment, where 
minimally invasive adrenalectomy is preferred for small 
tumors, while open resection should be performed for large 
(>6 cm) or invasive pheochromocytomas to ensure complete 
resection, prevent tumor rupture, and avoid local recurrence 
[2, 61, 84]. Preoperative catecholamine blockade should be 
performed in all patients with a hormonally functional pheo- 
chromocytoma in order to prevent intraoperative hypertensive 
crises and cardiac arrhythmias [61, 84]. Phenoxybenzamine 
irreversibly and non-selectively blocks the w-receptor and is 
the most commonly used preoperative catecholamine block- 
ade [118]. Selective alpha-1 adrenoreceptor antagonists 
such as doxazosin have also been used with good results. 
While phenoxybenzamine appears to achieve better systolic 
blood pressure control, it also causes more pronounced post- 
operative hypotension [119]. Beta blockade is used when 
necessary to treat reflex tachycardia and arrhythmia that 
may result with a-blockade initiation, and it must never be 
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started prior to appropriate a-blockade to avoid exacerbation 
of hypertensive crisis due to unopposed stimulation of the 
a-adrenergic receptors [61, 84]. Calcium channel blockers 
and metyrosine may be used in combination with a-blockers 
when the hypertension is resistant to a-blockade alone [61, 
118]. Restoration of intravascular volume with liberal salt 
and fluid intake is necessary to prevent severe hypoten- 
sion after tumor removal [61, 118]. After surgery, lifelong 
biochemical screening is recommended due to high rate of 
recurrence, and metastasis develops at a mean of 5.5 years, 
ranging from 0.3 to 53.4 years [61, 120]. Finally, treatment 
of metastatic pheochromocytoma incorporates surgical 
metastatectomy, radioactive '*!I-MIBG therapy, and chemo- 
therapy [84]. For patients whose tumors are somatostatin 
receptor positive on imaging, peptide receptor radionuclide 
treatment with !”’Lutetium-DOTATE or *Yttrium-DOTATE 
is an emerging therapeutic option and has demonstrated 
improved progression-free survival and response to treat- 
ment compared to '*/I-MIBG treatment [121]. 


Adrenocortical Carcinoma 


Adrenocortical carcinoma (ACC) is a rare malignancy with 
an incidence of 0.7—2 per million [122]. Median age of 
diagnosis is between fourth and fifth decades of life, with 
a second peak of increased incidence during childhood less 
than 5 years of age [123]. Although the majority of ACCs 
are sporadic, certain syndromes are associated with the 
disease (Table 31.6). Genetic testing should be considered 
especially for Li-Fraumeni and Lynch syndromes, since 
well-established screening guidelines exist for those two 
hereditary syndromes [124]. Common mutations found in 
sporadic cases include loss of tumor protein p53 (TP53) 
function, increased insulin-like growth factor (IGF) expres- 
sion, and constitutive activation of the Wnt/B-catenin path- 
way [122]. The most common metastatic sites are lungs, 
liver, and bone, although local retroperitoneal extension or 
recurrent nodules are not uncommon [125]. Approximately 
60% of patients with ACC present with functional tumors 
and 50% of them exhibit signs and symptoms of Cushing’s 
syndrome (see Table 31.6) but with more marked viriliza- 
tion due to higher rate of 17-ketosteroid and DHEA secretion 
[123, 128]. Feminization may occur in men due to peripheral 
conversion of androgens to estrogens, causing gynecomas- 
tia and testicular atrophy [125]. Aldosterone hypersecretion 
is a rare presentation, and mineralocorticoid effect is more 
commonly mediated by high cortisol levels [125]. A third 
of patients with ACC present with nonspecific symptoms 
related to mass effect associated with local tumor growth, 
such as abdominal or flank pain, abdominal fullness, or early 
satiety [123, 125]. On the contrary, 90% of pediatric patients 
present with evidence of hormonal hyperfunction, where 
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Fig. 31.5 (a) A 44-year-old woman had a 3.8 cm left adrenal mass 
with classic appearance of pheochromocytoma. An unenhanced CT 
shows a left heterogeneous adrenal mass (arrow) with attenuation value 
of 15 HU. (b) The mass is heterogeneously hyperintense on T2-weighted 


virilizing signs and symptoms are seen in 55% of children 
[128]. 

Initial evaluation after a thorough history and physical 
examination should include basic metabolic assessment 
with creatinine, liver enzymes, and a complete blood count. 
Evaluation of functional status of adrenal tumors is essential. 
Initial imaging studies should include CT or MRI of abdo- 
men and pelvis and CT of the chest [125]. Excess secretion 
of glucocorticoids, mineralocorticoids, sex steroids includ- 
ing DHEAS and testosterone, and steroid precursors should 
be evaluated, and these hormones can serve as surveillance 
tumor markers if elevated [122, ; ]. Biochemical 
exclusion of pheochromocytoma is warranted (see section 


MRI, showing the “light bulb” sign (arrow). (c) In-phase T1-weighted 
MRI shows that the left adrenal mass (arrow) is isointense to the liver. 
(d) The mass shows no significant signal dropout on opposed-phase 
T1-weighted MRI (arrow) 


i ) ion”) [125]. On cross-sectional imag- 
ing, common characteristics of ACC include large size (often 
>6 cm), heterogeneous enhancement, central necrosis, hem- 
orrhage, irregular borders, calcifications, and invasion of 
surrounding structures (Fig. ) [36, ; ]. ACC has 
significantly higher attenuation on unenhanced CT imaging 
compared to adrenal adenomas (39 HU vs <10 HU) and lack 
of contrast washout on delayed contrast CT imaging [4, 36, 

; ]. It also typically does not show homogeneous sig- 
nal dropout on chemical shift MRI [36, 47, ]. '8F-FDG- 
PET/CT is useful for staging ACC and evaluating local 
recurrence, but it has limited ability to characterize lesions 
<10 mm in size and cannot distinguish ACC from other 
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Table 31.6 Hereditary syndromes associated with adrenocortical carcinoma 


Syndrome 
Li-Fraumeni syndrome 


Lynch syndrome 


Multiple endocrine neoplasia 


type 1 


Beckwith-Wiedemann 
syndrome 


Familial adenomatous 
polyposis 


Neurofibromatosis type 1 


Carney complex 


Birt-Hogg-Dube 


Data from [124-127] 


ACC adrenocortical carcinoma 


Clinical characteristics 
Sarcoma 

Choroid plexus tumor 
Brain cancer 

Early breast cancer 
Leukemia 

Lymphoma 

Colorectal cancer 
Endometrial cancer 
Sebaceous neoplasms 
Ovarian cancer 

Pancreatic cancer 

Brain cancer 

Upper tract urothelial carcinoma 
Prostate cancer 

Foregut neuroendocrine tumors 
Pituitary tumors 
Parathyroid hyperplasia 
Collagenoma 
Angiofibroma 

Adrenal adenoma or hyperplasia 
Wilms’ tumor 
Hepatoblastoma 
Macrosomia 
Adrenocortical cytomegaly, 
adenoma, or cyst 
Hemihypertrophy 
Macroglossia 

Omphalocele 

Ear pits 

Intestinal polyps 

Colon cancer 

Duodenal carcinoma 
Thyroid cancer 

Desmoid tumor 

Adrenal adenoma 
Supernumerary teeth 
Congenital hypertrophy of the 
retina 

Osteoma 

Epidermoid cysts 
Neurofibromas 

Café au lait skin spots 


Malignant peripheral nerve sheath 


tumor 

Optic glioma 

Lisch nodule 

Skeletal abnormalities 

Primary pigmented nodular 
adrenal disease 

Large-cell calcifying Sertoli cell 
tumors 

Thyroid adenoma 

Myxoma 

Somatotroph pituitary adenoma 
Lentigines 

Skin hamartoma 

Pulmonary cyst 

Pneumothorax 

Renal oncocytoma 
Chromophobe renal cell 
carcinoma 


Gene 
IESS 


Mismatch repair gene 
mutations 


MENIN 


IGF2, CDKNIC, H19 


APC 


NF1 


PRKARIA 


FLCN 


Prevalence in general 
population 

1:20,000 to 1:One 
million 


1:440 


1:30,000 


1:13,000 


1:30,000 


1:3000 


~700 patients 
worldwide 


1:100,000 
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Prevalence in ACC 
patients 


3-7% adults, 50-80% 
children 


3% adults 


1-2% adults 


Very rare, only in 
children 


<1% 


<1% 


Very rare (case reports 
only) 


Very rare (case reports 
only) 
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Fig. 31.6 A 65-year-old woman with a large left heterogeneously 
enhancing adrenocortical carcinoma on a 1.5 T abdominal MRI. (a) 
Moderately weighted T2 STIR images show a hyperintense signal 


malignant lesions (see section “Adrenal Mass Imaging”) 
[125]. The European Society of Endocrinology recommends 
against adrenal biopsy in patients with suspected ACC unless 
there is evidence of metastatic disease that precludes surgery 
and histopathologic diagnosis is required to guide oncologi- 
cal treatment [124]. Pathologic evaluation most commonly 
uses the Weiss criteria, incorporating nine histologic features 
to help distinguish benign from malignant tumors, includ- 
ing high mitotic rate, atypical mitoses, high nuclear grade, 
low percentage of clear cells, necrosis, diffuse architecture 
of tumor, and invasion of venous, sinusoidal, and capsular 
structures [123, 126, 129]. 

Complete surgical excision offers the best chance for 
cure, prolonging median survival to 74 months compared 
to 12 months for those who undergo incomplete resection 
[130]. However, cure rate is low, as up to 85% of patients 
who undergo curative resection may develop local or dis- 
tant recurrences [123]. Due to the tumor’s often large size 
and invasion of local structures, an open surgical approach is 
standard initial therapy in order to maximize the chance for 
complete en bloc excision [122, 123, 125]. Tumor debulking 
for unresectable disease is palliative and may alleviate tumor- 
related symptoms such as hormone excess, and an operation 
should be considered if more than 90% of disease burden can 
be removed [122, 123, 125, 131]. Resection, ablation, and 
embolization of recurrent ACC have been shown to be help- 
ful in long-term disease control [122, 123]. Chemotherapy 
regimens including mitotane are the drug treatment of choice 
for advanced ACC [122, 124, 125]. Patients with metastatic 
disease and those with unfavorable prognostic parameters 
should consider more aggressive therapy with combina- 


(arrows). (b) Heavily weighted T2 single-shot fast spin echo shows an 
isointense signal (arrows). These findings are all dependent on the 
degree of T2 weighting 


tion chemotherapy of etoposide, doxorubicin, cisplatin, and 
mitotane, although chemotherapy has limited response rates 
[122, 125]. Radiotherapy has limited role as primary treat- 
ment of ACC, but it may offer significant improvement in 
disease control in both the adjuvant and palliative settings 
[125]. Image-guided radiofrequency ablation, chemoembo- 
lization, or other interventional oncology therapies may also 
play a role toward the goal of aggressive local control and 
debulking of oligo-metastatic disease, especially in patients 
who are not surgical candidates [132, 133]. Follow-up after 
initial treatment should continue for many years given the 
possibility for late recurrences as long as 10-12 years after 
resection [123]. Recommendations for surveillance indi- 
cate evaluation of hormone markers that were elevated 
before treatment, as well as cross-sectional imaging of the 
chest, abdomen, and pelvis [125]. Initial 3-month interval 
surveillance may be increased to 6-month intervals after a 
recurrence-free time of 2-3 years [125]. 


Metastases 


The adrenal glands are common sites for metastases. The 
most common primary sites include the kidney, melanoma, 
thyroid, colon, lung, and breast [20, 134]. Radiographically, 
metastatic lesions appear well circumscribed and homoge- 
neous and do not usually demonstrate specific morphologic 
imaging features (Fig. 31.7) [36]. They generally exhibit 
attenuation >10 HU on unenhanced CT and lack significant 
contrast loss on washout studies, and they are not infrequently 
bilateral [4, 36]. Biopsy of the adrenal lesion in the setting of 


31 Adrenal Imaging 


Fig. 31.7 Metastases to adrenal glands. (a) A 61-year-old male with 
history of right radical nephrectomy for clear cell renal cell carcinoma 
presents with enlarging left adrenal lesion (arrow) on enhanced CT, 
measuring 1.6 cm compared to 0.9 cm 6 months prior. (b) A 62-year- 


known non-adrenal malignancy can be helpful when imag- 
ing is equivocal [15]. Treatment of metastatic tumors of the 
adrenal glands requires a multidisciplinary approach, and 
resection of metastatic adrenal lesions has been associated 
with long-term survival for certain malignancies, such as 
non-small-cell lung cancer, melanoma, and renal cell carci- 
noma [2, 4, 20, 135]. 


Myelolipoma 


Adrenal myelolipomas are rare benign tumors that are com- 
posed of mature adipose and hematopoietic tissues [136]. 
Although usually asymptomatic, they can present with flank 
pain, palpable mass, or hematuria resulting from tumor 
growth and compression, necrosis, or hemorrhage [137]. 
While myelolipomas are classically metabolically inactive, 
they can coexist with hyperfunctional adrenal diseases, such 
as Cushing’s syndrome, pheochromocytomas, and congeni- 
tal adrenal hyperplasia [136]. Although they are usually 
unilateral, bilateral myelolipomas have been reported [138]. 
Diagnosis is often based on cross-sectional imaging. The 
lesion is typically well encapsulated, heterogeneous with 
low density of mature fat (< —30 HU) interspersed with more 
dense myeloid tissue that enhances with contrast adminis- 
tration on CT imaging, and about a quarter of the lesions 
exhibit calcifications [136, 137, 139]. Myelolipomas have 
a signal intensity equal to subcutaneous and retroperitoneal 
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i) 
A 
old male with history of metastatic melanoma was found to have 


increasing size of heterogeneous left adrenal mass (arrow) on enhanced 
CT, from 2.1 to 10.2 cm in 6 months 


fat on MRI, typically showing high signal intensity on T1- 
and T2-weighted images and loss of signal intensity with 
fat suppression (Fig. 31.8) [3, 136, 137]. They also exhibit 
an “India-ink” artifact along the border of the lesion with 
the adrenal gland seen on in-phase and oppose-phase MRI 
[46, 63]. In general, asymptomatic adrenal myelolipomas 
are treated conservatively with observation as they follow a 
benign clinical course [136]. However, some have advocated 
excision of tumors larger than 10 cm because of a small but 
distinct risk of developing abdominal pain or life-threatening 
shock from spontaneous hemorrhage [140, 141]. 


Adrenal Hemorrhage and Hematoma 


Due to its rich blood supply, adrenal glands are predisposed 
to hemorrhage [47]. Causes include coagulopathy, antiphos- 
pholipid antibody syndrome, trauma, biopsy, tumor, and 
severe physiologic stress such as meningococcal septicemia 
in Waterhouse-Friderichsen syndrome [3, 142]. Traumatic 
adrenal hemorrhage is usually associated with injuries of 
higher severity and accompanying injuries to surround- 
ing structures [142]. Adrenal hematomas characteristically 
appear as well-defined round or oval [3, 142]. On unen- 
hanced CT imaging, acute to subacute hematomas contain 
areas of high attenuation that usually range from 50 to 90 HU 
(Fig. 31.9) [143]. On MRI, hematomas in acute stage (less 
than 7 days) typically appear isointense or slightly hypoin- 
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Fig. 31.8 Adrenal myelolipomas. (a) A 79-year-old woman with a 
5.5 cm right adrenal mass on contrast-enhanced CT with mostly fat 
density and more nodular solid components in the periphery, consistent 
with adrenal myelolipoma (arrow). (b) A 44-year-old male underwent 
a 1.5 T MRI showing a left adrenal lesion consistent with myelolipoma. 


tense on T1-weighted images and markedly hypointense on 
T2-weighted images [143]. Subacute hematomas (7 days 
to 7 weeks) appear hyperintense on T1- and T2-weighted 
images [143]. Chronic hematomas (>7 weeks) present with a 
hypointense rim on T1- and T2-weighted images [143]. Over 
time, an adrenal hematoma decreases in size and may calcify 
or organize [143]. 


Adrenal Oncocytoma 


Adrenal oncocytomas are extremely rare tumors, with less 
than 150 cases reported in the literature [144]. They are 
most often detected incidentally, since only 17% are func- 
tional [144]. Although they are mostly benign lesions, about 


T2 single-shot spin echo demonstrates the adrenal mass (arrow) with 
signal isointense to abdominal fat. (c) T1 fat-suppressed unenhanced 
imaging shows loss of signal within the mass (arrow) consistent with 
gross fat 


20% demonstrate some elements of malignancy [144]. CT 
and MRI cannot reliably identify or differentiate benign and 
malignant oncocytic tumors, and diagnosis is made upon 
surgical pathology [144, ]. While prognosis is good for 
benign oncocytomas, adrenocortical oncocytic carcinoma 
has a poor survival rate of only 5 years [144]. 


Adrenal Cysts 


Adrenal cysts are uncommon lesions that are usually discov- 
ered incidentally on imaging examinations [146]. The peak 
incidence is between third and sixth decades, and a definite 
female predilection exists [146]. Patients are usually asymp- 
tomatic but can present with abdominal or flank pain, abdomi- 
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A 52-year-old woman who sustained a motor vehicle colli- 
sion was found with a 2.9 cm right adrenal mass (arrows). CT images 
(a) prior to, (b) 60 s after, and (c) 15 min after contrast injection show 
attenuation values of 16 HU, 24 HU, and 20 HU, respectively. This 
derives an absolute contrast enhancement washout of 50% and relative 


nal mass, spontaneous intracystic hemorrhage, or cyst rupture 
[146, ]. Adrenal cysts are classified into four major histo- 
pathologic categories: endothelial (45%), pseudocysts (39%), 
epithelial (9%), and parasitic (7%) [146, ]. Interval enlarge- 
ment of adrenal cysts is frequent and may not indicate malig- 
nancy, but up to 7% of adrenal cysts may be associated with 
malignancy such as adrenocortical carcinoma [146, , 149]. 
Routine metabolic workup is recommended to exclude active 
lesions [2, 146]. On imaging, the lesions demonstrate expected 
imaging characteristics of cysts, including fluid attenuation on 


501 


contrast enhancement washout of 17%, consistent for a nonadenoma. 
(d) However, follow-up imaging at 6 months shows interval decrease in 
size to 1.6 cm, indicating that the mass is most consistent with a resolv- 
ing adrenal hematoma 


CT, lack of enhancement following contrast administration, 
anechoic appearance on ultrasound, and homogeneous low T1 
and high T2 signal characteristics on MRI [3, 36, 47, J 
They usually have thin walls and may contain internal septa- 
tions. Higher attenuation values (>30 HU) can be seen due to 
hemorrhage, intracystic debris, and calcification (Fig. ) 
[151]. Conservative management with serial imaging has been 
proposed for asymptomatic, small, thin-walled (<3 mm) non- 
functioning lesions [146, ; ]. Surgical excision, prefer- 
ably with laparoscopic approach, is indicated for adrenal cysts 
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a 


Fig. 31.10 An 84-year-old woman presented with shortness of breath 
and was found with a 15.7 cm right cystic adrenal mass (arrows) on 
contrast-enhanced CT, showing enhancing septations and displacement 
of the right kidney, liver, inferior vena cava, and diaphragm. The con- 
tour of the mass was seen on chest X-ray 2 years prior to presentation, 
indicating size stability 


that are large (>6 cm), heterogeneous, thick-walled, symptom- 
atic, or parasitic [152]. 
Congenital Adrenal Hyperplasia 


Congenital adrenal hyperplasia (CAH) is a group of autoso- 
mal recessive disorders of cortisol biosynthesis, where 95% 


Fig. 31.11 A 26-year-old man with history of congenital adrenal 
hyperplasia due to 21-hydroxylase deficiency. (a) CT images show dif- 
fuse nodular enlargement of bilateral adrenal glands (arrows) with pres- 
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of the cases involve deficiency of the enzyme 21-hydroxylase 
[154]. It is characterized by cortisol deficiency and androgen 
excess, and patients may present as salt-wasting or non-salt- 
wasting, depending on the presence or absence of mineralo- 
corticoid deficiency [154]. Due to lack of negative feedback 
on corticotrophin-releasing hormone and ACTH, chronic 
enlargement of adrenal glands and increased prevalence of 
benign adrenal tumors are associated with CAH (Fig. 3 ) 
[154-156]. About 30-50% of men with CAH develop testic- 
ular adrenal rest tumors, especially those with poor medical 
management or severe deficiency [155]. Patients are treated 
with sufficient glucocorticoids to suppress adrenal androgen 
secretion, and mineralocorticoids are given to normalize 
electrolyte and plasma renin activity [154]. Bilateral adrenal- 
ectomy has been tried to remove adrenocortical stimulation 
and improve medical management, but it remains controver- 
sial due to high dose of glucocorticoids required to prevent 
hyperpigmentation, activation of adrenal rest tissues, and a 
possible increase in susceptibility to adrenal crisis and sud- 
den death [154]. 


Neuroblastoma 


Neuroblastoma is derived from the cells of the neural crest 
that develop into the adrenal medulla and sympathetic ganglia 
[157]. It is the most common malignancy in the first month 
of life and most common adrenal mass in a young child, usu- 
ally presenting with a palpable abdominal mass [150, ]. 
Neuroblastomas are aggressive tumors that invade adjacent 
organs or displace or encase adjacent vessels, and over 50% 


ae 
1 L 1.65 cm 
2 L 1.88 cm 
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ervation of normal adreniform configuration. (b) Scrotal ultrasound 
showed testicular tumor consistent with adrenal rest that resolved with 
corticosteroid therapy 
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of patients present with metastatic disease [108, 157, 158]. 
They produce high levels of catecholamines that are detected 
by urinary vanillylmandelic acid, homovanillic acid, or 
dopamine in 90% of cases [3, 108, 158]. On imaging, these 
tumors are heterogeneous, irregularly shaped, lobulated, and 
unencapsulated and contain coarse, amorphous, or mottled 
peripheral calcifications [3]. Treatment involves surgical 
excision for localized disease, while chemotherapy is indi- 
cated in intermediate- and high-risk diseases [157, 158]. 


Conclusion 


The adrenal glands serve vital functions in homeostatic regu- 
lations and are integrally involved in physiologic functions 
of the entire body. Adrenal masses are commonly seen on 
imaging, and careful evaluation is key for appropriate diag- 
nosis and treatment. Knowledge of adrenal physiology and 
pathophysiology and a thorough understanding of adrenal 
imaging will facilitate proper management of patients pre- 
senting for the treatment of adrenal diseases. 
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Abbreviations 


AAE Adrenal artery embolization 
ACC Adrenal cortical carcinoma 
CT Computed tomography 
HCC Hepatocellular carcinoma 
MRI Magnetic resonance imaging 
PVA Polyvinyl alcohol 


Introduction 


Sven Ivar Seldinger laid the foundation for modern-day 
interventional urology in 1953 with the advent of the 
Seldinger technique which allowed for safer access to ves- 
sels. With the success of this technique as witnessed by 
Charles Dotter and the successful dilation of a stenotic 
superficial femoral artery, interventional urology was estab- 
lished shortly after [1]. In 1976, Fernstrom and Johansson 
established percutaneous removal of kidney stones [2]. In the 
past three decades, the technical advancements in instrumen- 
tation for interventional procedures such as percutaneous 
biopsy, radiofrequency ablation, angioembolization, and 
adrenal vein sampling have significantly changed the diag- 
nosis and management of urological conditions, including 
adrenal disease. 
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With the widespread application and dramatic improve- 
ments in image quality of computerized tomography (CT) 
scans, the discovery of incidental adrenal masses, or inciden- 
talomas, has proportionally increased. Adrenal inciden- 
taloma (AI) is a term used to describe lesions of the adrenal 
gland that are discovered as a secondary finding in radiologic 
imaging ordered for an unrelated medical reason. Adrenal 
incidentalomas have been found in 4—5% of patients who are 
imaged, whereas autopsy studies have found adrenal masses 
in 6% of patients [3, 4]. The majority of Als are nonfunction- 
ing benign adenomas which include adenomas, myelolipo- 
mas, adrenal cysts, and ganglioneuromas. Other common 
pathologies include cortisol-secreting adenomas, aldoster- 
onoma, pheochromocytoma, adrenocortical carcinoma, and 
metastatic lesions. Common metastasis to the adrenal gland 
arose from the lung, breast, and prostate [5]. Once discov- 
ered, AIs should be assessed for functionality and malig- 
nancy risk. It is generally accepted that all functioning and 
malignant lesions should be surgically removed. To ensure 
patient safety and optimize surgical outcomes, surgeons 
should collaborate with radiologists and endocrinologists to 
help interpret radiologic studies and biochemical panels. 

Adrenal ablation and angioembolization have been pro- 
posed as alternative treatments in patients that are poor surgi- 
cal candidates. Various techniques for percutaneous ablation 
have been utilized, with irreversible electroporation and 
high-intensity focused ultrasound emerging as promising 
modalities. Although promising, both treatments are not 
without risks, especially for adrenal hemorrhage [6]. 


Adrenal Pathology 


The adrenal glands are usually located in the retroperito- 
neum directly superior and medial to the kidneys and encased 
in Gerota’s fascia. The right adrenal gland is usually pyrami- 
dal in shape, while the left adrenal gland is often more 
crescent-shaped. The right adrenal gland can be found poste- 
rior to the inferior vena cava and the left adrenal gland pos- 
terior to the lesser sac. Arterial blood supply to the adrenal 
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glands is via the superior, middle, and inferior adrenal arter- 
ies and returns to the venous system via the left and right 
suprarenal veins. The right adrenal vein is often very short 
and drains directly into the inferior vena cava. This presents 
a significant hemorrhage risk if not appropriately controlled 
surgically. The left adrenal vein drains into the left renal vein 
most commonly. However, variability of the location of the 
adrenal glands exists. When a solitary kidney or pelvic kid- 
ney develops, the adrenal glands will be found in the same 
location but may appear differently on imaging. 

Prior to biopsy of Als, it is imperative to obtain biochemi- 
cal evaluation to determine whether it is nonfunctional or a 
functioning, hormone-secreting tumor, as management is 
significantly different. Physical examination is an important 
adjunct as it can suggest the appropriate biochemical tests to 
obtain. For example, if physical examination is significant 
for hirsutism or gynecomastia which may suggest excessive 
androgen production, androgenic steroid hormones should 
be included in addition to the standard catecholamines and 
mineralocorticoids. 


Cortisol-Secreting Adenoma 


Cushing’s syndrome is due to hypercortisolism, and patients 
may exhibit moon facies, abdominal striae, obesity, buffalo 
hump, hypertension, diabetes, and osteoporosis. Cushing’s 
disease is a subset of Cushing’s syndrome and is caused by a 
pituitary adenoma causing excessive release of ACTH and 
cortisol and does not lead to the full expression of all 
Cushing’s syndrome symptoms. Cushing’s syndrome is 
diagnosed following an elevated 24-hour urine free cortisol 
level or by failure to suppress cortisol production after over- 
night low-dose dexamethasone. Primary cortisol-producing 
adenomas present with elevated cortisol, low ACTH, and an 
adrenal mass on CT or other radiographic imaging. 


Aldosteronoma 


Primary hyperaldosteronism is the leading cause of second- 
ary hypertension in all hypertensive patients [7, 8]. It is 
important to obtain biochemical tests to rule out hyperaldo- 
steronism in patients presenting with hypertension and hypo- 
kalemia. Screening consists of calculating the patient’s 
plasma aldosterone concentration (PAC) to plasma renin 
activity ratio (PRA), referred to as APR. An APR of >30 is 
indicative of hyperaldosteronism and should be followed by 
further assessment to demonstrate the subtype of primary 
hyperaldosteronism and the location of the hypersecretion. 
Aldosteronomas appear as homogeneous, often hypodense 
adrenal masses. Adrenal venous sampling (AVS), which will 
be discussed in detail later in this chapter, can differentiate 
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between lateralized aldosteronoma and bilateral adrenal nod- 
ular hyperplasia. This differentiation is crucial because man- 
agement strategies differ dramatically depending on 
diagnosis. 


Myelolipomas 


Myelolipomas represent another type of benign nonfunction- 
ing adrenal mass. These lesions are identified on CT imaging 
due to pathognomonic macroscopic fat and bone marrow 
contents. The presence of negative Hounsfield units on CT 
imaging is pathognomonic for myelolipomas which are 
benign [9]. The only indication for surgical intervention is 
due to symptomatic mass effect from large size of the lesion. 


Pheochromocytoma 


Pheochromocytoma typically presents with tachycardia, 
hypertension, cardiac palpitation, anxiety, and diaphoresis. 
Any patient with a discovered AI should be screened for 
pheochromocytoma, even with lack of symptoms, as life- 
threatening hemorrhage, hypertensive crisis, capsular dis- 
ruption, and death can result if biopsied initially. 
Pheochromocytomas often present as large, heterogeneous 
masses with areas of necrosis and cystic change. Plasma-free 
metanephrine and normetanephrine levels are easily obtained 
via blood draw and are reliable markers for pheochromocy- 
toma. The diagnosis of pheochromocytoma can be made 
with plasma-free metanephrine levels three to four times the 
normal range. The sensitivity of this assessment ranges from 
77% to 97%, while the specificity ranges from 69% to 98%. 
When used along with plasma-free normetanephrine levels, 
the sensitivity and specificity of the assessments increase to 
97-100 and 85-89%, respectively [10]. Urinary plasma 
metanephrine testing is an alternative to plasma testing [11], 
but comparative testing demonstrates superior performance 
characteristics for supine plasma testing [12]. Some medica- 
tions may falsely increase the plasma-free metanephrine lev- 
els and should therefore be discontinued prior to biochemical 
evaluation (Table 32.1) [13]. 


Adrenocortical Carcinoma 


Adrenocortical carcinoma (ACC) is a rare type of tumor that 
should be suspected when lesions are >6 cm in size and if the 
patient presents with virilizing symptoms. CT imaging char- 
acteristics typically demonstrate an irregularly shaped adre- 
nal mass with central area of necrosis and hemorrhage and 
washout <70% on delayed contrast-enhanced CT [14]. 
Patients with AI and possible ACC should be biochemically 
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Table 32.1 Medications that affect the plasma-free metanephrine 


levels 
Effect on urine/plasma 
Class of drug normetanephrine and metanephrine 
Tricyclic antidepressants Increase 
Tricyclic antidepressants Decrease 
(acute administration) 
Selective serotonin reuptake Increase 
inhibitors 
a-Adrenergic receptor No effect 
blockers (selective) 
a-Adrenergic receptor Increase 
blockers (nonspecific) 
6-Adrenergic receptor Increase 
blockers 
Monoamine oxidase inhibitors Large increase 
(MAOI) 


screened for hypersecretion. While minimal interobserver 
variation exists in the diagnosis of ACC radiologically for 
large lesions, these tumors are histologically heterogeneous, 
and research for definitive biomarkers is ongoing [15]. 


Metastases 


The adrenal gland is a common site of metastatic spread for 
malignant tumors. Lung, breast, prostate, and malignant 
melanoma represent some of the most common types of 
malignant carcinomas that spread to the adrenal gland [5]. In 
patients with a history of a previous malignancy, adrenal 
biopsy should be considered after a negative catecholamine 
evaluation has been obtained to confirm the diagnosis. In 
general, patients with a single metastatic lesion should 
undergo surgical resection. If multiple tumors are discov- 
ered, the patient should be referred to an oncologist for sys- 
temic therapy. 


Percutaneous Adrenal Biopsy 
Indications 


Percutaneous adrenal biopsy is indicated in the staging or 
characterization of primary adrenal lesions and differentiat- 
ing the lesion as benign or malignant. Lesions that are char- 
acterized as adenomas by imaging, including myelolipomas 
and adrenal cysts, do not require biopsy and can be moni- 
tored with interval imaging if nonfunctional. Functioning 
adenomas should be surgically excised. If pheochromocy- 
toma is suspected, the lesion should not be biopsied until 
after biochemical analysis is completed. If biochemical cat- 
echolamine activity is confirmed, then appropriate pharma- 
cologic blockade should be instituted prior to biopsy 
(Table 32.2). Lesions that cannot be confidently character- 
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Table 32.2 Anticoagulant medications and time of discontinuation 
prior to biopsy 


Length of time to be discontinued 


Anticoagulant prior to procedure 

Heparin 4—6 hours 

Low-molecular-weight 8-12 hours 

heparin (LMWH) 

Aspirin 5 days 

Clopidogrel 5 days 

Warfarin 5-7 days (bridge to LMWH until 
biopsy performed) 


ized by standard radiologic or laboratory criteria and lesions 
that are larger than 4 cm and lesions with markedly heteroge- 
neous appearance on imaging should be considered for per- 
cutaneous biopsy [16]. In patients with previously diagnosed 
or concomitant cancer in other organ systems, percutaneous 
adrenal biopsy should be performed to evaluate for adrenal 
metastasis from the primary cancer. If there is a high suspi- 
cion for adrenocortical carcinoma (ACC), percutaneous 
adrenal biopsy should not be attempted as it has low diagnos- 
tic accuracy and it is unlikely to differentiate between ACC 
and degenerated adenoma [17, 18]. Instead, wide surgical 
excision should be considered. Mazzaglia et al. showed that 
40-75% of Als in this population indicate metastatic disease 
[19]. By comparison other studies have demonstrated a 0% 
rate of malignancy in 973 patients with no history of cancer 
who presented with adrenal incidentaloma. 

Historically, percutaneous adrenal biopsy has had rela- 
tively limited indications due to high nondiagnostic rate, risk 
of tumor seeding, and possible catecholamine surge if the 
lesion was determined to be a pheochromocytoma. A retro- 
spective study performed by Mazzaglia et al. determined that 
needle biopsy of AI is often inadequate for distinguishing 
benign lesions from malignant lesions due to histologic simi- 
larity and recommend that biopsy only be considered for 
making diagnosis of metastatic disease in patients with 
known or suspected extra-adrenal malignancy [19]. As such, 
these lesions usually present as large (>4 cm), heterogeneous 
lesions. 


Workup 


In addition to obtaining biochemical evaluation to determine 
the etiology of the adrenal lesions, routine coagulation studies 
such as platelet count and international normalized ratio (INR) 
should be obtained prior to biopsy to lessen the risk of hemor- 
rhage. Anticoagulants should be discontinued at least 2-5 days 
prior to the procedure, depending on the specific medication 
used. In patients at high risk for deep vein thrombosis, a bridg- 
ing technique can be utilized before and after biopsy using 
low-molecular-weight heparin [20]. In patients that are oth- 
erwise healthy with no history of coagulopathy or use of anti- 
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coagulants, these laboratory studies can be foregone. Adrenal 
biopsy is usually well tolerated and can be administered under 
local anesthesia or with conscious sedation. It is not recom- 
mended to administer prophylactic antibiotic. 

Radiographic studies of AIs can aid in the characteriza- 
tion of adrenal lesions and suggest the next appropriate diag- 
nostic study to accurately determine the pathology. As 
previously mentioned, Als have certain radiographic features 
that suggest a benign or malignant pathology. Cortical ade- 
nomas are usually homogeneous with low attenuation, 
whereas myelolipomas usually display macroscopic fat. 
Adrenal cysts will show fluid density. Malignant features are 
characterized by local invasion of surrounding tissue, tumor 
necrosis, heterogeneity of mass, irregular borders, and 
regional lymphadenopathy. Adrenocortical carcinomas are 
typically heterogeneous, large (>6 cm) masses with areas of 
central necrosis and hemorrhage with delayed washout. If 
available, it is important to compare prior imaging studies to 
evaluate for lesion stability as it suggests a more benign 
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pathology if no changes have been observed during at least a 
6-month interval. 

Initial imaging in patients with AI is typically contrast- 
enhanced CT; however, adrenal lesions are best character- 
ized using the adrenal CT protocol which includes 
unenhanced CT followed by contrast washout measure- 
ments. On unenhanced CT, adrenal cortical adenomas nor- 
mally have low attenuation (<10 HU), indicating a lipid-rich 
lesion, while ACCs more commonly have higher attenuation 
(>10 HU), indicating a lipid-poor lesion. An increased prob- 
ability of malignancy can be determined when contrast 
washout levels are evaluated. Most malignant lesions have 
an absolute washout of <60% and a relative percentage 
washout of <40%, while benign lesions show an absolute 
washout of >60% and a relative washout >40% [21]. Absolute 
washout and relative washout are related to the characteris- 
tics of the lesion, with benign adenomas displaying a more 
rapid washout of contrast, while the opposite is true for 
malignant lesions. Each can be calculated as follows: 


Enhanced CT (HU)- Delayed CT (HU) 


Absolute washout = 


Enhanced CT (HU) Unenhanced CT (HU) x 100% 


Relative washout = 


Enhanced CT (HU)- Delayed CT (HU) 


Enhanced CT (HU)x 100% 


The accuracy of MRI in distinguishing benign and malig- 
nant adrenal masses is similar to that of CT imaging. On 
MRI, normal adrenal gland tissue and adenoma demonstrate 
a low to intermediate signal on T1- and T2-weighted imag- 
ing, while malignant lesions are usually hypointense on T1 
and hyperintense on T2 imaging. Adrenocortical carcinoma 
appears heterogeneous as in CT imaging but may have a loss 
of signal intensity on out-of-phase MRI images leading to a 
mistaken diagnosis of benign lesion. The typical teaching is 
that pheochromocytomas are usually hyperintense on 
T2-weighted images but may also exhibit low signal inten- 
sity on T2-weighted images. 

Another useful tool for distinguishing benign from malig- 
nant lesions is  18-fluoro-2-deoxy-d-glucose positron- 
emission tomography, 18F-FDG-PET. Patients with a 
persistently indeterminate adrenal mass even following an 
appropriately performed CT should undergo an FDG- 
PET. Adrenal FDG uptake is considered malignant when 
intensity is higher than hepatic uptake [22]. Malignant 
tumors also have demonstrated larger max uptake of FDG 
when compared to benign lesions [23]. A large multicenter 
prospective study including 77 patients demonstrated that 
FDG-PET successfully distinguished ACC from adenoma 
with a sensitivity of 100% and a specificity of 88% [23]. 
However, FDG-PET is primarily useful when attempting to 


diagnose the highly malignant ACC from an indeterminate 
nonfunctioning adenoma because FDG-PET may result in a 
false positive when imaging functional adenomas and pheo- 
chromocytomas since these lesions exhibit uptake similar to 
that of malignant lesions. 


Technique 


Patients are placed in the decubitus position which allows for 
a decreased risk of lung transgression by decreasing dia- 
phragm motion. For a posterior adrenal gland approach, 
patients can be placed prone. If attempts at biopsy from 
either approach are unsuccessful, an anterior approach can 
be used though it is associated with higher rates of complica- 
tion [24]. A caudal-to-cephalic approach can be utilized to 
minimize the risk of pleural transgression in the decubitus 
and prone positions. Injection of saline into the paravertebral 
space in cases of minimal paravertebral space will displace 
the parietal pleural laterally and serve to decrease the risk of 
pleural transgression. 

Right adrenal masses can be biopsied via a transhepatic, 
posterior, or right-decubitus approach, while left adrenal 
masses can be approached via left decubitus, posterior, ante- 
rior, or trans-gastrically. Blockade of «-adrenergic receptors 
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with phenoxybenzamine or short-acting o-antagonist like 
prazosin should be done prior to biopsy in the setting of 
pheochromocytoma. Multiple effective available catechol- 
amine blockade regimens are in use clinically; the choice of 
blockade medications is at the providers’ discretion (see 
Table 32.2) [25, 26]. 


Ultrasound-Guided 


Ultrasound guidance can be used for large adrenal masses 
and is advantageous as it allows for real-time observation. 
This modality also avoids radiation, is less costly and porta- 
ble, and can be used to quickly diagnose complications [22]. 
Despite its advantages, ultrasound guidance is operator- 
dependent and is limited in visualizing the target needle, 
lesion depth, or intervening bowel gas or bony structures. 
Percutaneous biopsy of right adrenal masses is best accom- 
plished via ultrasound guidance since the liver offers an 
acoustic window. 

The adrenal mass can be biopsied by ultrasound via free 
hand, needle guidance, or fusion guidance. It is best to use 
the highest-frequency transducer that will penetrate the tar- 
geted lesion for ideal optimization. Needles should be placed 
perpendicularly for linear array and at a 45-degree angle for 
curved array. On the left, the caudal-to-cephalad approach is 
preferred to avoid the diaphragm and kidney. 

In cases in which fine-needle aspiration (FNA) is neces- 
sary, small-caliber needles (20-22 gauge) should be used. 
For histologic analysis, cutting needles are to be used to pro- 
vide core biopsy samples. During adrenal biopsies, coaxial 
technique using 16—19-gauge guide needles is used to allow 
for the retrieval of fine-needle aspirates and core biopsies. 
The “capillary pass” technique which involves moving the 
needle back and forth in the mass without syringe aspiration 
until the final pass should be used for obtaining FNA sam- 
ples. Chiba needles with slightly curved tips (21-23 gauge) 
are commonly used to enhance redirecting, while Hawkins 
needles with interchangeable tips can be utilized if saline 
injection is anticipated for hydrodissection [24]. 


CT-Guided 


Currently, CT is the most frequently used modality for adre- 
nal gland biopsy. Several technical approaches have been 
described including a trans-organ approach, hydrodissection, 
artificial pneumothorax, and diaphragm motion reduction by 
ipsilateral side positioning [27]. Three-dimensional cone- 
beam CT has been described, and one study reported 100% 
technical success with minor complications [28] in lesions 
not easily accessible by CT or ultrasound guidance. 
CT-guided biopsy exposes a patient to radiation, requires 
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longer to complete, is more costly, and is limited in its ability 
for real-time observation. 


MRI-Guided 


Although MRI allows for localization of complex adrenal 
gland lesions, MRI-guided adrenal biopsy is rarely used as it 
is very expensive, time-consuming, and is not readily avail- 
able at all institutions. One study evaluated the efficacy of 
MRI guidance in accurately diagnosing adrenal gland masses 
(95.8%). Retrospective review of 24 MRI-guided percutane- 
ous adrenal gland biopsies was completed, and specificity, 
sensitivity, and immediate and delayed complication rates of 
95.5%, 100%, and 0%, respectively, were determined [29]. 
Studies detailing MRI guidance is limited given the preva- 
lence of ultrasound- and CT-guided biopsy techniques. 


Complications 


Following adrenal biopsy, complication rates have ranged 
from 0% to 12% with pneumothorax and hemorrhage being 
the most common complications [30]. Recent studies have 
suggested a complication rate of 2.5%. Needle track seeding, 
hypertensive crisis, and adrenal abscesses are other less com- 
mon complications that have been noted [31]. To monitor for 
complications, patients are observed for 1—4 hours, and 
hemostasis is ensured. Hemorrhage that develops following 
biopsy usually occurs in the abdomen or thorax and typically 
resolves without intervention [32]. Increased rates of hema- 
toma and major complications have been associated with the 
transhepatic approach, while pneumothorax is observed with 
prone positioning. In the event that the pancreas was injured 
during the anterior approach, pancreatitis can be observed 
[27]. 

Concerns for pneumothorax after biopsy violating the 
pleural space should be evaluated with a chest X-ray (CXR) 
followed by a repeat CXR 1—4 hours after the procedure. If a 
pneumothorax is found, a small-bore chest tube or pigtail 
catheter may be placed if the pneumothorax appears to be 
increasing on subsequent chest imaging or if the patient 
experiences any respiratory symptoms. Another serious 
complication of adrenal gland biopsy that may occur during 
the procedure is hypertensive crisis propagated by the release 
of catecholamines from the gland. Approximately 2.4% of 
pheochromocytomas are atypical on imaging and thus can 
lead to unsuspecting biopsy of a catecholamine-secreting 
tumor [33]. If an acute hypertensive crisis occurs during 
biopsy, it can be treated with 1 mg of phentolamine via IV 
followed by an IV phentolamine drip. Intravenous nitroprus- 
side can also be utilized to control hypertension as well as 
beta-adrenergic blockers to treat cardiac arrhythmias or 
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hypotension. For lesions in which pheochromocytoma has 
not been conclusively ruled out, administration of alpha- 
blockers prior to the procedure should be considered (see 
Table 32.2). 


Outcomes 


Fine-needle aspiration biopsy has shown to be nondiagnos- 
tic in 0-28% of cases depending on the operator experience, 
biopsied mass, and biopsy technique. The sensitivity and spec- 
ificity for diagnosing ACC were 70% and 98%, respectively 
[4]. Diagnosis of metastasis of extra-adrenal primary pathol- 
ogy was found to be 87% sensitive and 96% specific. FNA has 
been unreliable in distinguishing ACC from benign adrenal 
tumors. Prior studies have warned against percutaneous adre- 
nal biopsy in patients with pheochromocytoma; however, one 
study found that 9 of 19 canines that underwent ultrasound- 
guided FNA of adrenal gland lesions were diagnosed with 
pheochromocytoma with only one canine developing ventric- 
ular tachycardia [34]. As it stands, adrenal biopsy is suggested 
for AI lesions that remain indeterminate after appropriately 
performing imaging (CT/PET and/or MRI) and biochemical 
assays that may discourage adrenal biopsy. 


Adrenal Venous Sampling 
Indications 


Primary aldosteronism (PA) should be considered in patients 
with hypertension and accompanied hypokalemia and meta- 
bolic alkalosis, although patients may present without all 
three symptoms. The Endocrine Society has established 
guidelines to screen select patient populations. Patients with 
hypertension and hypokalemia, refractory hypertension, 
hypertension with an adrenal incidentaloma, or hypertension 
with history of familial/early-onset hypertension should be 
screened for primary aldosteronism [35, 36]. 

Adrenal venous sampling (AVS) is the process of taking 
blood samples from the bilateral adrenal glands to aid in 
the comparison of the amount of hormone released by each 
adrenal gland. AVS is the current standard of care for the 
identification and lateralization of surgically curable cases 
of hyperaldosteronism caused by aldosterone-secreting adre- 
nal tumors. When equivocal diagnosis of PA is made with 
imaging or there is a need to localize the adrenal gland, the 
need for AVS continues to be demonstrated. Recent studies 
have suggested CT and MRI to be inferior to AVS in pre- 
dicting and localizing the source of aldosterone-producing 
adenomas and bilateral lesions [37]. Its role in the diagno- 
sis of Cushing’s syndrome and pheochromocytoma remains 
controversial. 
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Adrenal venous sampling is indicated in patients with an 
unequivocal diagnosis of primary aldosteronism and are suit- 
able for surgery. Diagnostic workup for primary aldosteron- 
ism includes plasma renin assay (PRA) and plasma 
aldosterone concentration (PAC), both retrieved peripherally. 
Decreased plasma renin with an increased PAC/PRA ratio is 
indicative of primary aldosteronism. Normal PAC/PRA ratio 
is usually in the range of 4-10, while patients with PA will 
have a ratio of 30-50 [35]. Once the PAC/PRA ratio is used 
to confirm a diagnosis of primary aldosteronism, PRA, PAC, 
and a basic metabolic panel may indicate the etiology of the 
PA. A PAC/PRA ratio >32 to diagnose aldosteronomas has a 
sensitivity and specificity of 100% and 61%, respectively 
[38]. The lateralization index (LI) can also be used to locate 
aldosterone hypersecretion. 

The AVIS study showed centers using LI cutoffs ranging 
from 2.0 to 4.0, dependent on the use or lack of use of cosyn- 
tropin [37]. Mathur et al. have demonstrated lateralization to 
be most accurate using cosyntropin stimulation with simulta- 
neous catheterization and a cutoff value >4.0. These authors 
report a success rate of 98% with cosyntropin as well as a 
95% success rate pre-ACTH stimulation [38]. The LI cutoff 
to achieve successful lateralization is still heavily debated. 
Using a higher cutoff has been associated with the selection 
of patients with a higher probability of being successfully 
treated with unilateral adrenalectomy, independent of cosyn- 
tropin stimulation. However, this cutoff could lead to the 
exclusion of patients with aldosteronomas that produce low 
or varying amounts of aldosterone. It should be noted that 
because the majority of aldosterone-producing adenomas are 
benign, a false negative, due to a stricter LI cutoff, will result 
in a patient being managed medically. On the contrary, a 
false positive will result in a patient undergoing an unneces- 
sary surgery, exposing them to all associated risks. As such, 
it would be prudent to use a stricter cutoff for LI index. 

It is also important to consider other factors that may lead 
to a change in the LI. In the case of large aldosterone- 
producing adenomas >3 cm, the adenomas can sometimes 
co-secrete cortisol which leads to the suppression of cortisol 
production in the contralateral adrenal gland. This co- 
secretion lowers the selectivity index (SI) on the contralat- 
eral side and thus increases the PAC/PCC ratio. Lesions 
>3 cm should undergo biochemical analysis to rule out 
hypercortisolism. If hypercortisolism is confirmed, the lesion 
should be resected without prior AVS. 


Technique 


There is no universally standard protocol for performing 
AVS. Several techniques have been described such as 
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sampling both adrenal veins simultaneously using two cath- 
eters or sequentially using only one catheter at a time for 
each vein. The use of intraprocedural ACTH stimulation has 
also been employed using cosyntropin, a synthetic 
ACTH. Cosyntropin can be administered as a bolus or as a 
continuous intravenous infusion. Cosyntropin can be used to 
induce ACTH-sensitive adenomas to produce aldosterone 
and/or cortisol in excess of normal physiological levels. The 
excess production is the main principle of AVS and allows 
for lateralization of adrenal lesions in one or both adrenal 
glands. The administration of cosyntropin via bolus, contin- 
uous infusion, or both is still debated. Some studies have 
suggested the elimination of ACTH during AVS to minimize 
confounding results. In one study that evaluated the ACTH 
dosage in low, intermediate, and high dosages, it was found 
that intermediate and high dosage groups led to incorrect lat- 
eralization in 12.5% and 3% of cases, respectively, possibly 
due to the tendency of ACTH to stimulate normal adrenal 
glandular tissue instead of the adenoma [39]. 

The AVIS study showed that about 66% of centers used 
sequential sampling technique with cosyntropin stimulation 
[37]. The remaining centers used simultaneous sampling 
with no cosyntropin stimulation. Although there is the pos- 
sibility of creating an artificial gradient when sampling 
sequentially, when cortisol secretion is maximally stimu- 
lated using cosyntropin, the time difference between sam- 
pling is irrelevant when assessing selectivity. The pulsatile 
nature of aldosterone secretion, though, makes measure- 
ments susceptible to temporal variability in aldosterone con- 
centration in each adrenal vein. This fact is important to 
consider for determining the lateralization index (LI). 

Once the catheter has been placed, samples are removed 
and assayed to determine what is referred to as the selectivity 
index (SI). This index is used to confirm the placement of the 
catheter by comparing the concentrations of cortisol from 
the adrenal vein samples to samples taken from the inferior 
vena cava. A selectivity index, defined as plasma cortisol 
concentration adrenal vein/plasma cortisol concentration 
IVC, >2-5 indicates cortisol levels are more concentrated in 
the adrenal veins and confirms selectivity [37]. Another way 
to confirm placement of the catheter is using gentle retro- 
grade venography. Contrast filling the right and left adrenal 
veins confirms placement. The simultaneous and sequential 
techniques are described below. 

The simultaneous technique is started when catheters 
with side holes located toward the distal end (generally 4-F 
Simmons 1 and 4-F Simmons 2 catheters (Cook, 
Bloomington, IN), but some find a Mickelson with a hand 
cut side hole near the tip to be the best way to reliably sample 
the right adrenal vein which often empties directly into the 
IVC and can be challenging to catheterize with other catheter 
shapes) are directed through the right common femoral vein 
and placed in the right and left adrenal veins [40]. Small 
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amounts of nonionic contrast are injected to verify the loca- 
tions of the catheters. During this time, a 3000-unit bolus of 
intravenous heparin should be administered. The baseline 
samples are removed simultaneously from the right and left 
adrenal veins to be tested for aldosterone and cortisol con- 
centrations. Cosyntropin is administered as a 0.25 mg bolus 
followed by 0.25 mg in 5 mL of normal saline infused over 
10-15 minutes. After ACTH stimulation via cosyntropin, 
blood is removed simultaneously from the right and left 
adrenal veins. Following the completion of the infusion, 
blood is drawn from the IVC. 

In the sequential technique, a single set of post-infusion 
samples is obtained following bilateral catheterization. 
Patients receive a continuous intravenous infusion of 0.25 mg 
per 500 mL of normal saline of cosyntropin at a rate of 
100 mL/h. Infusion is initiated 1 hour before sampling as 
well as throughout the procedure. Access to the right adrenal 
vein is gained through the right common femoral vein with a 
4-F Simmons 1 and 4-F Simmons 2 catheters (Cook, 
Bloomington, IN) 40. An example is seen in Fig. 32.1. A 
sample is drawn to determine aldosterone and cortisol con- 
centrations. As stated above, retrograde injection is used to 
verify catheter location. Directly following this, the catheter 
is switched for a 5-F Simmons 2 catheter, and catheterization 
and sampling of the left adrenal vein are performed. 
Figure 32.2 demonstrates access of the left adrenal vein. 
Once again, retrograde injection is performed to verify cath- 
eter location. Drawn blood samples are measured for aldo- 
sterone and cortisol concentrations. The catheter is then 


Fig. 32.1 Venogram demonstrating correct catheter position for right 
adrenal vein sampling with reflux into the IVC (blue box). JR3.5 (Cook 
Medical, Bloomington, IN,) and a 6-French Pinnacle Destination® 
Guiding Sheath (Terumo, NJ, USA) 
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Fig. 32.2 Venogram demonstrating correct catheter position for the 
left adrenal vein draining into the left renal vein accessed using a 
5-French cobra catheter and a 6-French Pinnacle Destination® Guiding 
Sheath (Terumo, NJ, USA) 


retracted into the IVC where another set of samples is drawn 
for aldosterone and cortisol measurement [40]. 

Central adrenal venous sampling (C-AVS) is performed 
by inserting a 7-F introducer sheath into the common femo- 
ral veins bilaterally. A 4—5-F catheter is then inserted into the 
left adrenal central vein distal to the division of the left infe- 
rior phrenic vein and proximal to the division of the lateral 
tributary of the left adrenal vein via the left common femoral 
vein. A 4-F or 5-F catheter is also inserted into the right adre- 
nal central vein via the right common femoral vein [41]. 

More recently, segmental adrenal venous sampling 
(S-AVS) has been proposed as a technique to differentiate 
bilateral aldosterone-producing adenomas from bilateral 
hyperaldosteronism that occurs with nonfunctioning nod- 
ules. Recent studies have suggested that primary aldosteron- 
ism accounts for 5-13% of all hypertensive patients and that 
up to 62.3% of patients with primary hyperaldosteronism 
may be curable with surgical resection [39, 42]. It is impor- 
tant to note that the two most common causes of primary 
hyperaldosteronism are bilateral idiopathic hyperplasia and 
unilateral aldosterone-producing adenoma (as well as a 
chance of bilateral functioning adenomas) [36]. This distinc- 


L. E. Kearse et al. 


tion is critical because clinical management of patients 
depends on accurate diagnoses. Patients with bilateral idio- 
pathic hyperplasia must be managed medically with lifelong 
mineralocorticoid receptor blockade due to the inability to 
treat surgically [36]. Segmental adrenal venous sampling 
(S-AVS) is sampling of effluent tributaries for localization of 
intra-adrenal aldosterone secretion. One study evaluated the 
use of S-AVS by inserting a microcatheter into the first- 
degree tributary vein, and the lateralization index after 
cosyntropin stimulation was used to determine unilateral 
hypersecretion at the adrenal central vein. Excessive aldoste- 
rone secretion at the adrenal tributary vein was determined to 
be present when the aldosterone-cortisol ratio exceeds that 
from the external iliac vein. Suppressed secretion at the adre- 
nal tributary vein was indicated when the external iliac vein 
aldosterone-cortisol ratio exceeded that of the adrenal tribu- 
tary vein. The success rate of diagnosing hyperaldosteron- 
ism, including unilateral hypersecretion and bilateral 
hypersecretion with or without suppressed segments, using 
AVS was found to be 98% in patients with primary aldoste- 
ronism (64 of 65) [43]. 

To perform S-AVS, a 2.2-F Goldcrest microcatheter split- 
tip catheter is inserted in up to three intra-adrenal first-degree 
tributary veins on each side using a 0.016-inch Radiofocus 
microguidewire. To confirm catheter tip placement, about 
2 mL of half-diluted iodine contrast medium using a 2.5-mL 
syringe can be gently injected. Various samples are collected 
during the procedure: adrenal central veins before and after 
cosyntropin stimulation, external iliac vein before and after 
cosyntropin stimulation, and each adrenal tributary vein after 
cosyntropin stimulation. Cosyntropin 200 ug is bolused fol- 
lowed by continuous infusion at 50 pg per hour until the 
completion of the procedure [44]. 


Complications 


When performed by a skilled interventional radiologist, the 
rate of complications is less than 0.61% [38]. Adrenal vein 
rupture is the most common complication reported, while 
other complications include vascular dissection, thrombosis, 
and intraglandular and periadrenal hematoma. Adrenal vein 
rupture presents with constant pain following AVS and is 
confirmed via imaging studies and is usually treated conser- 
vatively. As concluded in the AVIS study, the number of 
adrenal vein ruptures is inversely proportional to the number 
of adrenal vein sampling performed per radiologist and med- 
ical center [4]. The other less common complications may 
cause permanent adrenal insufficiency which can be curative 
if occurring ipsilateral to the aldosterone-producing ade- 
noma. Studies have shown AVS to be a safe and accurate 
technique with very low complication rates when performed 
by an experienced radiologist. 
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Outcomes 


Adrenal venous sampling is technically challenging; how- 
ever, it is a proven diagnostic tool for subtyping primary 
aldosteronism, and its usage as the gold standard for diag- 
nosing primary aldosteronism is suggested. AVS has a high 
diagnostic accuracy and low complication rate and can be 
utilized to minimize the limitations of CT/MR imaging and 
basic biochemical laboratory studies. One study suggests the 
use of segmental AVS (S-AVS) to obtain more precise local- 
ization of hyperaldosteronism compared to central AVS 
(C-AVS) [42]. The predictive value of lateralization based on 
the ratio of aldosterone-cortisol levels (A/C) between the left 
adrenal vein and inferior vena cava still proves to be contro- 
versial [45, 46]. Further studies to establish the use of ACTH 
stimulation in conjunction with AVS, segmental versus cen- 
tral AVS techniques, and determine standards for SI and LI 
values are required. 


Percutaneous Image-Guided Adrenal 
Ablation 


Introduction 


Adrenal tumors comprise a large heterogeneous spectrum of 
primary and metastatic tumors. Primary adrenal tumors 
include nonfunctioning adenomas, cortisol-secreting adeno- 
mas, aldosterone-secreting adenomas, pheochromocytomas, 
and adrenocortical carcinomas [47]. The adrenal gland also 
serves as a common site of metastatic tumors from the lungs, 
kidneys, prostate gland, and melanoma [5]. Traditionally, 
surgical resection has been the standard choice of treatment 
for malignant and functioning adrenal tumors. There has 
recently been an increase in the use of minimally invasive 
procedures, including percutaneous image-guided adrenal 
ablation, that aim to minimize the morbidity of adrenal inter- 
ventions. These procedures have proven to be useful for 
patients with multifocal disease and in patients that are poor 
surgical candidates due to comorbid conditions. The most 
commonly used ablation techniques for adrenal tumors are 
radiofrequency ablation (RFA), cryoablation (CA), micro- 
wave ablation (MWA), and chemical ablation. Newer tech- 
niques for ablation have also been studied, and these include 
irreversible electroporation (IRE) and high-intensity focused 
ultrasound (HIFU). 


Indications and Patient Evaluation 
Prior to the initiation of an intervention, patients with adrenal 


tumors should undergo a multispecialty consultation with a 
urologic oncologist, interventional radiologist, radiation 
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oncologists, and endocrinologists. The interdisciplinary 
approach is vital to manage the complex pathophysiology 
that often accompanies adrenal neoplasms. Clinicians should 
consider the risks, benefits, and feasibility of adrenal abla- 
tion on an individual patient-by-patient basis. Patients for 
whom ablative intervention is indicated must also undergo 
pre-procedural imaging studies via multiphase CT or MRI in 
order to accurately stage and grade the tumor. Ablation is 
indicated when isolated adrenal metastases are found on 
imaging but is contraindicated if extensive systemic metasta- 
ses are discovered or if the tumor is too difficult to access 
without putting the patient at an increased risk of complica- 
tion from damage to surrounding structures [48]. Like any 
other image-guided procedure, a major risk of adrenal abla- 
tion is hemorrhage. Prior to the procedure, all coagulopa- 
thies should be corrected (INR < 1.5, platelet count of 
>50,000/p1) to prevent complications from bleeding [4]. 
Alternately, if the target tumor is extensively vascularized, 
adrenal artery embolization and percutaneous ablation can 
be applied together to prevent hemorrhage [4]. If a function- 
ing tumor is suspected, patients should have appropriate bio- 
chemical assessments to rule out hypersecretion of cortisol, 
aldosterone, or catecholamines [4]. Currently, ablation for 
adrenal tumors is indicated for patients that are poor surgical 
candidates, patients that have unresectable lesions, patients 
with a past surgical history of attempted removal, and/or 
patients who refuse surgery. Ablative therapy may offer an 
alternative to effectively treat patients with any of these 
characteristics. 

Despite the increased use in ablative treatment for adrenal 
tumors, standardization of care is ongoing. For example, pre- 
ablation biopsy is recommended in most cases but may be 
avoided if a definitive diagnosis can be made from the 
patient’s medical history, clinical presentation, laboratory 
assessment, and noninvasive imaging [49]. To further aid in 
the diagnosis in lieu of a biopsy, fluorodeoxyglucose (FDG) 
positron-emission tomography (PET) has been used to dif- 
ferentiate between benign and malignant adrenal tumors [3]. 
However, other studies have shown that pheochromocyto- 
mas and functioning adenomas can produce false positive 
results on FDG-PET [50]. One author suggested that pre- 
ablation biopsy of renal tumors allows for a definitive diag- 
nosis, avoids possibly unnecessary treatment, and allows for 
correct interpretation of ablation effectiveness and efficacy 
[51]. Other authors have obtained diagnosis with CT-guided 
biopsy immediately prior to the ablation and pathologic 
assessment after completion of the procedure [52, 53]. 

The need for pre-, intra-, and post-procedural therapy 
must also be taken into consideration prior to ablative ther- 
apy. The adrenal glands are highly active organs sensitive to 
stimulation, which synthesize and release hormones, such as 
catecholamines and corticosteroids, directly into systemic 
circulation. Ablation of the adrenal gland, even without the 
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diagnosis of pheochromocytoma, may result in an excess 
release of catecholamines into the bloodstream and may lead 
to an acute hypertensive crisis or cardiac and/cerebral isch- 
emia/infarction. Due to the release of these potent hormones, 
pre- and intraprocedural adrenergic blockade may be neces- 
sary to prevent these adverse events. It has been suggested 
that alpha- and beta-adrenergic blockade may be needed dur- 
ing and for several weeks prior to ablation, in addition to 
close monitoring of the patient’s hemodynamic status during 
the procedure to prevent and/or effectively manage hyperten- 
sive crises [54]. These medications have usually been 
reserved for prophylactic use in cases in which pheochromo- 
cytoma is suspected or confirmed. However, no formal rec- 
ommendations exist to date. So, while there is a strong 
suggestion from previous studies as well as a physiological 
perspective for adrenergic blockade prior to any adrenal 
ablation, variations in practice do persist [55]. Venkatesan 
et al. investigated RFA in six patients with seven pheochro- 
mocytoma tumors [54]. Five of six patients were premedi- 
cated for 7-21 days prior to intervention using 
phenoxybenzamine, atenolol, and alpha-methyl-paratyrosine 
for alpha-blockage, for beta-blockage, and for the inhibition 
of catecholamine synthesis, respectively. Six of the seven 
lesions were successfully treated, based on lack of tumor 
enhancement via CT at follow-up. The authors also reported 
only one complication, a pneumothorax, that was success- 
fully treated intraprocedurally. 

Patients with cortisol-secreting tumors should be medi- 
cated with peri-procedural hydrocortisone. The possibility of 
the induction of adrenal insufficiency should be considered 
and monitored for in these patients. Again, due to the absence 
of technique standardization, post-ablation hydrocortisone 
replacement has been reported as long as 1-3 years follow- 
ing RFA of cortisol-secreting tumors [56]. 


Technical Considerations 


With the patient in an ipsilateral decubitus position, the adre- 
nal gland can usually be accessed from a posterior approach. 
This position allows for a reduction in diaphragmatic move- 
ment and ipsilateral lung expansion. The reduction in move- 
ment from the work of breathing on the ipsilateral side of 
the tumor minimizes the risk of diaphragm injury and pneu- 
mothorax. Supine transhepatic and paraspinal are two other 
possible approaches for adrenal ablation. A major factor 
that must be considered when performing ablations is the 
measures that will be taken to avoid damage to surrounding 
structures. Hydrodissection is one method that can be used 
to avoid damage to nearby structures by using fluid to create 
a spatial border between adjacent structures and the adrenal 
gland. Under ultrasound or CT guidance, an 18—20-gauge 
needle is placed between the adrenal gland and the protected 
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structure. The addition of iodinated contrast to 5% dextrose in 
water assists in visualizing the solution on CT imaging [47]. 
The amount of iodinated contrast fluid injected is dependent 
upon the degree of displacement needed to avoid damage 
to the nontarget structure. Saline and other ionic solutions 
conduct electricity and thus are not good choices for RFA, 
though are feasible for use in microwave or cryoablation. 

It is critical that during the procedure, the interventional 
radiologist and anesthesiologist are in constant communica- 
tion during adrenal gland ablations but is especially impor- 
tant in cases of pheochromocytoma. All technical 
manipulations (insertion/adjustment/removal of the ablation 
probe/initiation of current) of the adrenal gland or tumor 
should be announced to the anesthesiologist in preparation 
for any potential hemodynamic consequences. As stated ear- 
lier, in cases of confirmed or suspected pheochromocytoma, 
patients should be prophylactically medicated with alpha- 
adrenergic and beta-adrenergic blockers to prevent hyperten- 
sive crises. 


Complications 


Bleeding, infection, hypertensive crisis, and thermal damage 
to adjacent organs are the most common complications of 
adrenal ablation [47]. Adrenal insufficiency is another pos- 
sible complication that may lead to long-term medical man- 
agement with appropriate hormones [56]. Seeding of tumor 
cells through the needle path is a theoretical complication 
but has not been reported in the literature following percuta- 
neous adrenal ablation. To prevent the risk of seeding, the 
probe track can be ablated during removal though there is no 
evidence to support this technique. 


Radiofrequency Ablation 


Radiofrequency ablation is the most commonly used abla- 
tion technique for adrenal lesions [47]. RFA employs energy 
in the radiofrequency range used to form an alternating elec- 
tric current in order to generate thermal energy. The patient, 
a radiofrequency generator, a needle electrode, and ground- 
ing pads are all placed in series to create a closed circuit. 
When the alternating currents are applied, the thermal energy 
causes coagulative necrosis of the tumor. The extent of tissue 
damage will depend on the temperature and duration of the 
ablation. The temperature necessary for effective tumor 
necrosis is 50—60 °C [57]. Most authors have found a treat- 
ment time of 8—10 minutes sufficient to reach the appropriate 
temperature and achieve complete tumor destruction [47]. 
The temperature within the tumor should be monitored 
during and after the ablation to ensure the adequate tempera- 
ture needed to produce tumor necrosis is reached. 
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The efficacy of RFA in treating malignant and function- 
ing adrenal tumors has been well documented in the litera- 
ture. In addition to the previously cited small series by 
Venkatesan et al., Arima and colleagues reported the efficacy 
of treating adrenocortical adenomas and Cushing’s syn- 
drome [56]. Four patients, all with left adrenal tumors rang- 
ing in size from 2 to 3.5 cm, were treated with RFA. Three of 
the four patients showed technical success (defined as disap- 
pearance of tumor enhancement on CT within 1 week of 
RFA) in tumor ablation after one RFA procedure, with tech- 
nical success achieved in the remaining patient after the sec- 
ond RFA. Clinical success defined as improvement in serum 
cortisol and ACTH values and symptoms at the end of fol- 
low-up was achieved in all four patients. Only one complica- 
tion was reported in the study, a pneumothorax, which was 
successfully treated with placement of a temporary chest 
tube. Wolf et al. reported the efficacy of RFA and MWA in 
treating 23 metastatic lesions in 22 patients [49, 58]. Of the 
16 tumors treated with RFA, 13 were successfully ablated, 
while 3 were confirmed incomplete ablations. Two of the 
three tumors were successfully re-treated later. The authors 
reported two complications, retroperitoneal hematoma and 
intraprocedural hypertensive crisis and MI, in the RFA- 
treated patient cohort. Another study reports on the treatment 
of 15 primary adrenocortical carcinomas or metastatic dis- 
ease in 8 patients [59, 60]. The authors state a technical suc- 
cess rate of 53% with a higher success rate of 67% when 
considering lesions <5 cm while incurring no major compli- 
cations. All patients in this study were poor surgical candi- 
dates or had unresectable tumors necessitating a minimally 
invasive alternative. Mendiratta-Lala et al. reported a 100% 
clinical success rate in a retrospective study of 13 patients 
with functioning adrenal tumors. Clinical success was 
defined by the resolution of clinical symptoms and the nor- 
malization of biochemical imbalances [59]. 

Hasegawa et al. published the largest series of RFA to 
date with 41 adrenal tumors in 35 patients who were poor 
surgical candidates, with two-thirds of the patients having 
metastasis resistant to chemotherapy [61]. Patients were 
treated with RFA with or without adrenal artery emboliza- 
tion prior to ablation with a total complication rate of 8.3%. 
In 94% of patients, CT showed a lack of tumor enhancement 
was achieved with the first RFA procedure, with the remain- 
ing achieving technical success with a secondary RFA. Local 
tumor progression developed in 8 patients resulting adrenal 
tumor control in 77% of patients at last follow-up (mean 
30.1 + 27.5 months; range 1.2—-96.8 months). The 1-, 3-, and 
5-year survival rates were 75%, 34%, and 30%, respectively, 
with a median survival time of 26 months. In a more recent 
study, 33 patients with 38 metastatic adrenal tumors with an 
average diameter of 3.0 + 1.6 cm were treated with RFA 
[62]. Postoperative CT images showed a lack of tumor 
enhancement in 30 tumors for a success rate of 78.9%. 
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Residual disease was found in seven tumors. Interestingly, 
the rate of residual disease was significantly lower in tumors 
that were <3.0 cm, suggesting greater procedural efficacy in 
the treatment of smaller adrenal metastases. The average 
follow-up for the study was 27.4 months with 76.3% of 
patients having recurrence-free survival, a percentage com- 
parable to rates seen with surgical resection [48, 63]. 

Radiofrequency ablation technical success is widely 
accepted as the lack of enhancement on CT imaging of 
the ablation zone immediately following the procedure 
and at 1-3 months of follow-up [47]. While RFA is the 
most commonly used modality for adrenal ablation, larger 
series with longer follow-up time are needed for technique 
standardization. 


Cryoablation 


Image-guided ablation with cryotherapy consists of applying 
subfreezing temperature to promote tumor necrosis. The cel- 
lular destruction is caused by membrane destruction as well 
as coagulative necrosis induced by ischemia [64]. Most cryo- 
ablation devices use argon gas through an internal aperture to 
cool the cryoablation probe and create an “ice ball” of frozen 
tumor tissue. Expansion of the gas causes rapid cooling that 
allows the probe to reach temperatures ranging from —80 °C 
to —150 °C [47]. A range of 1-15 applicators can be used, 
with more applicators used to reach lower temperatures. A 
cryoablation treatment session involves two alternating freeze 
and thaw cycles for 10 and 8 minutes respectively to cause 
mechanical stress that disrupts cellular membranes. One 
advantage that cryoablation has over the other ablation proce- 
dures is that it allows the interventional radiologist to moni- 
tor the area of thermal injury using CT imaging or US. This 
difference decreases the risk of damaging adjacent structures. 
The limitation of cryoablation is the increased risk of hemor- 
rhage caused by microvascular thrombosis and the inability 
to coagulate tissue during the withdrawal of the cryoabla- 
tion probe [65]. Currently there is promising but limited data 
examining the efficacy of cryoablation in adrenal tumors. In 
one study on the effectiveness of cryoablation for the treat- 
ment of metastatic lesions from non-small-cell lung carci- 
noma (NSCLC), seven patients with seven adrenal tumors 
were treated with cryoablation [66]. The average tumor size 
was 4.3 cm with an average ablation diameter of 5.9 cm. All 
patients were treated with one cryoablation procedure without 
evidence of recurrence during the mean follow-up period of 
11 months. Interestingly, the study showed the effectiveness 
of cryoablation in the treatment of large lung tumors with a 
63% full ablation rate on tumors >3.0 cm. This is in contrast 
to RFA which only showed a full ablation rate of 23-30% on 
tumors >3.0 cm, suggesting cryoablation may have a role in 
treating large tumors that have proven to be difficult to treat 
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with other ablation procedures [67, 68]. Welch et al. reported 
success in obtaining local control in 11 of 12 adrenal metasta- 
ses in a cryoablation model [69, 70]. In a recent retrospective 
study, local control and survival were assessed after adrenal 
ablation in 38 patients at 2 academic institutions with tumors 
<5.0 cm [71]. Multiple ablation techniques were used in the 
study, and although data were not stratified according to the 
type of ablation, 30 (59%) of the procedures were cryoab- 
lations. Technical success was achieved in 96% of patients 
with 76% of the tumors showing no evidence of progression 
throughout the follow-up period. Local tumor progression- 
free survival at 1, 3, and 5 years was 82%, 69%, and 55%, 
respectively, with 1-, 3-, and 5-year overall survival measured 
at 82%, 44% and 34%, respectively. As with all minimally 
invasive thermal ablation techniques, more data is needed not 
only to determine efficacy versus the gold standard of surgi- 
cal extirpation but also to distinguish if any particular method 
of thermal ablation is advantageous. 


Microwave Ablation 


Microwave ablation involves the usage of electromag- 
netic energy in the microwave range (frequency of at least 
900 MHz) to induce cell death [72]. This necrosis is achieved 
when the electromagnetic energy agitates water molecules 
in the target tissue creating frictional heat that ultimately 
causes cell death from coagulative necrosis. There are sev- 
eral advantages MWA has over some of the other ablation 
techniques. It has the capability to treat larger tumor volumes 
which can lead to faster procedure times. There isn’t a need 
for grounding pads, eliminating the risk from grounding 
pad burns. Also, MWA has the ability to successfully ablate 
cystic tumors. However, the rapid temperature elevation in 
MWA makes tight control of temperature increases difficult 
to achieve, and thus this approach is considered somewhat 
more technically challenging. The MWA procedure involves 
placing a microwave probe directly into the tumor followed 
by the generation of electromagnetic microwaves. In one 
study, researchers successfully used MWA to treat four out 
of four metastatic tumors with one complication, a case of 
intraprocedural hypertension [58]. In the only other series, Li 
et al. successfully obtained 100% local control of ten adrenal 
malignancies with a mean follow-up of 11.3 months [73]. 
In a large single institution retrospective study, RFA and 
MWA showed similar results in the treatment of NSCLC in 
71 patients undergoing a total of 99 procedures over a 5-year 
time frame [74]. Of the 71 patients, 36 underwent MWA, 
while the remaining 35 received RFA for the treatment of 
their tumors. All procedures were technically successful 
based on immediate post-procedural imaging. Follow-up 
imaging at 3 months showed a local tumor progression rate 
of 22.8% in the RFA group and 19.4% in the MWA group, 
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with all patients with tumor progression undergoing success- 
ful secondary ablations. At the 1-year assessment, 17.1% 
of patients in the RFA and 19.4% of patients in the MWA 
group revealed local tumor recurrence. There was no sig- 
nificant difference in median survival time between the RFA 
group (14.0 months) and the MWA group (14.6 months). As 
with cryoablation, limited evidence for the usage of MWA 
in adrenal ablation is available in the literature, and further 
investigation is needed to characterize the use of MWA for 
adrenal lesions. 


Chemical Ablation 


Chemical ablation of the adrenal gland can be performed 
using direct injection of ethanol or acetic acid into the tumor 
or through embolization accessed via the ipsilateral adrenal 
artery. Ethanol ablation induces microvascular thrombosis 
and coagulative necrosis through protein denaturation. 
Although chemical ablation is not utilized widespread in the 
USA, the largest study to date examined chemical ablation of 
46 primary and metastatic tumors. The authors report a suc- 
cess rate of 92.3% when treating primary tumors and a lower 
30% success rate when treating metastatic tumors [75]. 


Other Ablation Techniques 
Irreversible Electroporation (IRE) 


IRE is a promising new ablation technique that uses elec- 
trical energy pulses rather than thermal energy to destroy 
tumor cells. It has shown efficacy in the ablation of solid 
tumors in the liver [76, 77], pancreas [76, 78, 79], and pros- 
tate [80]. Electroporation causes disruption of cellular mem- 
branes through pore formation leading to cellular death. 
The major distinguishing feature between IRE and thermal 
ablation is that it may solely affect the cellular membrane 
and spares the extracellular space. The lack of damage to 
the non-cellular environment has been speculated to produce 
less inflammation and fibrosis seen with thermal ablation 
[81]. Interestingly, a recent study of IRE treatment of liver 
tumors showed that the normal hepatic architecture repopu- 
lated much more quickly than thermal ablation. Pech et al. 
reported the feasibility and safety of IRE on human subjects 
with renal cell carcinoma (RCC) [82]. IRE was performed 
on six patients with cTla tumors immediately prior tumor 
resection. The ablated lesions were examined using hema- 
toxylin and eosin staining. During this study the authors 
determined that in order to perform IRE, anesthesia that 
produces muscle paralysis is required, as well as ECG syn- 
chronization with the pulses generated by IRE to prevent car- 
diac arrhythmia. There are currently two prospective phase 
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2a clinical trials underway further examining the IRE in the 
treatment of RCC [83, 84]. In the IRENE trial, researchers 
are seeking to determine the effectiveness and feasibility of 
percutaneous IRE in 20 patients with stage cT laNOMO renal 
tumors. The second trial is examining the effect of treating 
ten patients with solid enhancing tumors with IRE 4 weeks 
prior to radical nephrectomy [83, 84]. Though no current 
studies have examined the effect of IRE on adrenal tumors, it 
appears to be a promising technology that may play a role in 
ablations in the future. 


Follow-Up 


Following ablation, patients should have a short-term fol- 
low-up that includes imaging and clinical evaluation. 
Regular interval imaging with contrast-enhanced modali- 
ties is needed to detect the success of the ablation, as well 
as to monitor for tumor recurrence. There are no estab- 
lished guidelines for the length and intervals of follow-up 
after ablation; however, several authors have used various 
follow-up schedules with success. Wolf et al. reported fol- 
low-up within 30 days after ablation, 3 months after abla- 
tion, and 6 months after ablation [58]. Other authors suggest 
follow-up 1-3 months after ablation then again at 6—12- 
month intervals [49]. This latter schedule is probably more 
commonly adopted and allows for adequate monitoring 
while reducing unnecessary clinic visits and imaging. A 
successful ablation is defined as a lack of enhancement 
within the ablation area via imaging with CT or MRI and a 
gradual decrease in size of the ablation zone. Enhancement 
and/or enlargement of the ablation zone may be indicative 
of a recurrent tumor or failed ablation. Patients who were 
treated for functioning tumors should also have a full bio- 
chemical evaluation. Clinically successful treatments 
should reduce any clinical symptoms of disease and return 
patients’ blood levels within normal ranges. 


Embolization 
Indications 


Angioembolization is a minimally invasive procedure in 
which interventional radiologists access peripheral arteries 
under image guidance to selectively occlude the blood sup- 
ply of target tissues. It has become an increasingly important 
tool in the arsenal of treatments for urological conditions 
since its origin in the 1970s [85]. Adrenal artery emboliza- 
tion (AAE) can be used as an alternative, or adjunct, to sur- 
gery in the management of adrenal tumors (palliation, 
hemorrhage, and hormonal suppression), traumatic adrenal 
hemorrhage, and adrenal aneurysms [4, 85-87]. 
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Most indications for AAE involve oncologic palliation, 
namely, pain relief and tumor bulk reduction, as large adre- 
nal tumors can be painful. Furthermore, the increased vascu- 
larity of said tumors can lead to increased challenges and 
risks with surgical resection [4, 86-88]. Arterial emboliza- 
tion of primary adrenocortical carcinomas and adrenal meta- 
static lesions from renal cell carcinoma, hepatocellular 
carcinoma, and melanoma have been reported for reducing 
tumor bulk, pain relief, and preoperative reduction of vascu- 
larity [4, 86-89]. Furthermore, there are several case reports 
that suggest AAE could play a role in a multidisciplinary 
approach to hepatocellular carcinoma (HCC) metastasis to 
the adrenal glands [90-92]. 

Rapid adrenal tumor growth can result in elevated intra- 
capsular pressure that leads to capsular tear, spontaneous 
hemorrhage, and massive retroperitoneal bleeding. Factors 
that can increase the chance of hemorrhage include sepsis, 
anticoagulation, trauma, uncontrolled hypertension, bleeding 
disorders, and ongoing alpha-antagonist therapy. However, 
hemorrhagic adrenal masses are relatively rare and thus lack 
standardized treatment strategies [4, 86, 87]. Several case 
reports have described the successful use of AAE in the man- 
agement of retroperitoneal hemorrhage from adrenal tumors, 
even after the failure of conservative approaches. In most 
cases, AAE was performed for hemostasis prior to adrenal- 
ectomy [93-100]. Pheochromocytoma is the most common 
primary adrenal tumor to cause massive bleeding, account- 
ing for 48% of hemorrhagic adrenal masses in a review of 
133 reported cases [93]. Although emergency adrenalectomy 
for ruptured pheochromocytoma has been associated with a 
high mortality rate, no deaths have been reported for cases 
in which AAE was used for hemostasis and patient stabiliza- 
tion before elective surgery [90, 92, 93]. Myelolipomas are 
benign tumors composed of fat and bone marrow elements. 
Although most myelolipomas are asymptomatic and dis- 
covered incidentally, they can hemorrhage and account for 
approximately 10% of reported hemorrhagic adrenal masses 
[93]. AAE has been used for hemostasis before adrenalec- 
tomy in two patients with retroperitoneal hemorrhage from 
adrenal myelolipomas [99, 100]. Metastatic disease to the 
adrenal glands is common, but it only accounts for 13% of 
reported hemorrhagic adrenal masses. Two published reports 
describe the use of AAE in the treatment of hemorrhage due 
to adrenal gland metastasis from HCC and non-small-cell 
lung cancer (NSCLC) respectively [101, 102]. 

Several endocrinologically active adrenal tumors (pheo- 
chromocytoma, aldosteronoma, adrenal cortical carcinoma 
(ACC), and adrenal adenoma) have been reported treated 
with AAE. This use of AAE was reported first in 1978 and 
again in 1983 for patients with pheochromocytomas, 
which secrete excess catecholamines causing life-threat- 
ening hypertensive crisis and/or cardiac arrhythmia. The 
intended goals were to reduce intraoperative and periop- 
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erative complications related to blood pressure control and 
to decrease the vascularity of the tumor to minimize blood 
loss during adrenalectomy [103, 104]. Unfortunately, AAE 
alone is insufficient for treatment of pheochromocytomas 
as approximately 15-17% of pheochromocytomas are dis- 
covered to be malignant at the pathological examination; 
thus, surgical resection remains the gold standard of treat- 
ment [10]. The use of AAE has also been reported in the 
management of aldosteronomas, whose excess secretion of 
aldosterone can cause Conn syndrome, hypokalemia, and 
hypertension. Adrenalectomy is the preferred treatment of 
choice for aldosteronomas, but AAE has been used in 
patients at higher risk of surgical complications [105, 
106]. AAE has also been used in the management of vari- 
ous causes of Cushing’s syndrome (adrenal adenoma and 
ACC), which presents with central obesity, hypertension, 
and insulin resistance due to excess cortisol production 
[107, 108]. 

The adrenal glands are relatively protected from blunt 
trauma due to their small size and deep location in the ret- 
roperitoneum. However, a case series by Sevitt et al. found 
adrenal hemorrhages in 13 of 50 (26%) autopsies of patients 
who died of severe blunt trauma [109]. Unfortunately, the 
clinical signs/symptoms are nonspecific, and in critically 
ill patients it’s generally initially diagnosed via computed 
tomography (CT) [110]. However the increased efficacy and 
use of imaging modalities, specifically CT, has increased 
the detection of adrenal injuries sustained by severe trauma 
patients by approximately 25% and rising [111]. Proposed 
mechanisms explaining the occurrence of adrenal hemor- 
rhage include direct compression of the gland against the 
spinal column, an acute increase in intra-adrenal venous 
pressure from compression of the inferior vena cava, and 
deceleration forces shearing small vessels that penetrate the 
gland’s capsule [109, 112]. In addition traumatic adrenal 
hemorrhage is unilateral in 90% of cases, with the right 
adrenal gland more commonly affected [113-116]. The 
right adrenal gland is more prone to traumatic injury based 
on two mechanisms: the shorter right adrenal vein being 
more prone to venous congestion injury as well as com- 
pression of the right adrenal gland between the liver and 
spine [113]. There is no current algorithm/consensus for 
treatment of blunt adrenal trauma, but several case reports 
have reported the successful use of AAE to treat isolated 
adrenal gland hemorrhages following blunt trauma [112, 
114, 117]. 

Adrenal artery aneurysms are rare, with limited cases 
documented; however, there are several case reports 
describing the use of AAE to successfully treat said con- 
dition [118-121]. Pseudoaneurysms, which are defined 
as contained ruptures of the vessel wall, are also rare, but 
Ikeda et al. reported the use of AAE in a patient with said 
condition [119]. 
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As mentioned previously, indications for AAE include man- 
agement of adrenal tumors (palliation, hormone suppres- 
sion), adrenal hemorrhage (due to tumors and/or trauma), 
and adrenal aneurysms. Imaging plays a major, and often the 
pivotal, role in identifying/diagnosing many of these 
conditions. 

There are several adrenal neoplasms/tumors that can be 
managed with AAE, each of which has unique characteris- 
tics on imaging. ACCs are aggressive neoplasms that are 
typically large at presentation and demonstrate heteroge- 
neous enhancement with areas of central necrosis and hem- 
orrhage on CT and magnetic resonance imaging (MRI). On 
MRI, pheochromocytomas are classically T2 hyperintense 
lesions due to intracellular water. They typically enhance 
avidly after contrast administration; however, many pheo- 
chromocytomas do not present with this “classic” appear- 
ance. A pheochromocytoma should be suspected in the 
clinical setting of hypertension and elevated catechol- 
amines [113]. Adrenal adenomas are usually homogeneous 
and less than 3 cm in size and have well-defined margins 
[122, 123]. Approximately 70% of adrenal adenomas are 
lipid rich, containing a large amount of cytoplasmic fat, and 
are easy to characterize on unenhanced CT (via CT attenu- 
ation below 10 Hounsfield units) or on chemical shift MRI 
(via loss of signal on out-of-phase imaging) [124, 125]. 
Thirty percent of adenomas are lipid poor, containing little 
cytoplasmic fat, and are more difficult to distinguish from 
other adrenal lesions. However, threshold values greater 
than 60% for absolute enhancement washout and greater 
than 40% for relative enhancement washout on CT have 
been found to be highly sensitive and specific for diagnos- 
ing adrenal adenoma, irrespective of lipid content [126, 
127]. A majority of adrenal adenomas are not hyperfunc- 
tioning; however, contralateral adrenal atrophy suggests a 
hyperfunctioning lesion [128]. 

Adrenal hemorrhage, generally due to rupture of adrenal 
masses or blunt trauma, is another indication for AAE [4, 
85-87]. Hemorrhage may be initially discovered on several 
imaging modalities including ultrasound, CT, and 
MRI. Unenhanced CT alone may suffice if the objective is 
merely to confirm the resolution of adrenal or renal hemor- 
rhage. Utilization of pre- and post-contrast imaging with 
CT may be beneficial in demonstrating whether an underly- 
ing enhancing mass is present. MRI can be similarly robust 
in the follow-up of cases of adrenal hemorrhage and in 
detecting an underlying enhancing mass. Advantages of 
MRI over CT include lack of ionizing radiation, along with 
superb contrast resolution and the ability of different MRI 
sequences to aid in tissue characterization. For follow-up in 
cases of adrenal hemorrhage, CT and MR are the mainstays 
of imaging [113]. 
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There are several neoplastic adrenal lesions associated 
with adrenal gland hemorrhage (myelolipomas, adenomas, 
pheochromocytomas, adrenocortical carcinoma, and metas- 
tases) that can be managed with AAE [93-96]. Non- 
enhancing areas of T1 hyperintensity on MR or non-enhancing 
hyperdense areas on CT within an enhancing adrenal mass 
suggest the presence of hemorrhage within a neoplasm. 
Spontaneous hemorrhage resulting in capsular rupture and 
retroperitoneal or intraperitoneal hemorrhage can be cata- 
strophic with high mortality rates reported [98, 129]. When 
spontaneous adrenal hemorrhage is present, the underlying 
tumor can be difficult to visualize. Evaluation for underlying 
areas of enhancement is critical, as the presence of enhance- 
ment should raise suspicion for an underlying tumor. PET 
scan can also be helpful in diagnosing an underlying neo- 
plastic mass in the setting of adrenal hemorrhage by demon- 
strating hypermetabolic activity within the hemorrhagic 
adrenal mass [113]. 

If hemorrhage is due to an underlying mass that is evident 
on initial imaging, image-guided biopsy may be necessary 
for diagnosis. In other cases of hemorrhage of uncertain eti- 
ology, follow-up cross-sectional imaging is essential to 
ensure resolution. If an underlying mass is not detected with 
resolution of the mass, no further action is necessary. If an 
underlying mass is present or suspected based on follow-up 
imaging, image-guided biopsy may be necessary [113]. 

Traumatic adrenal hemorrhage is uncommon, but when 
present it is typically due to blunt trauma and can potentially 
be managed with AAE [114, 117, 130, 131]. Traumatic adre- 
nal hemorrhage is usually unilateral (>90%) [113, 114, 116]. 
The right adrenal gland is more commonly affected than the 
left. Non-contrast CT demonstrates a high-attenuation mass 
with surrounding fat stranding. Post-contrast imaging may 
show active contrast extravasation in the setting of acute 
bleeding. A study by Rana et al. showed adrenal hematomas 
to be round or ovoid with a mean diameter of 2.8 cm and 
attenuation of 52 HU on contrast-enhanced CT [132]. Over 
time, the hematoma typically decreases in size and attenua- 
tion and may completely resolve. Calcification can also be 
seen with chronic hematomas [133]. 

Adrenal artery aneurysms, although very rare and rarely 
reported in the literature, are also an indication of AAE [118, 
120]. The true incidence is unknown since most adrenal 
aneurysms are asymptomatic, but there have been increasing 
diagnosis of these asymptomatic lesions due to the availabil- 
ity of advanced diagnostic imaging techniques — the broader 
use of improved ultrasound, CT, MRI, and contrast angiogra- 
phy. The first clinical manifestations of rupture are unstable 
vital signs and abdominal discomfort due to the acute 
increasing adrenal hematoma, which can be visualized via 
the imaging methods mentioned previously [121, 134]. 

Prior to performing an AAE, regardless of the indication, 
the adrenal arteries should be visualized with post-processing 
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CT maximum intensity projections and multiplanar recon- 
structions in arterial phases. This should be done to aid in 
planning of the procedural strategy and identification of the 
arteries contributing/supplying the lesion [87]. If AAE is 
being done for an aldosteronoma, venous sampling should 
be done to avoid release of hormones [88]. 


Technique 


Prior to attempting AAE, it is vital to have a solid under- 
standing of the normal vasculature supplying the adrenal 
glands. These suprarenal glands are supplied by three major 
arteries (superior, middle, and inferior adrenal arteries), 
which divide into 50-60 branches. The superior and the infe- 
rior adrenal arteries are always present in all cases, but the 
middle adrenal artery and the middle vessels may be absent 
[135]. The superior adrenal artery generally arises from the 
ipsilateral inferior phrenic artery, rarely the aorta or celiac 
plexus, and supplies the superiomedial portion of the gland 
[136]. The middle adrenal artery typically arises from the 
lateral aorta, rarely the ipsilateral renal artery or inferior 
phrenic artery, and supplies the anteromedial gland. The 
inferior phrenic artery typically arises from the ipsilateral 
renal artery, rarely the aorta or a polar renal artery, and sup- 
plies the posterior and inferiolateral portions of the gland. 
The previously mentioned branches of the three major adre- 
nal arteries mostly form over the capsule to form a capsular 
plexus. Relatively straight capillaries from said plexus travel 
through the zona fasciculata to form a deep vascular plexus 
of capillary sinusoids near the zona reticularis [137]. Due to 
this complex vascularization of the adrenal gland, emboliza- 
tion of a single adrenal artery is not likely to cause adrenal 
infarction or insufficiency. However, if infarction was to 
occur, the presence of a functioning contralateral adrenal 
gland would prevent adrenal insufficiency [4, 86]. 

Patients are given moderate sedation and local anesthetic 
at the vascular access site. Similar to renal artery emboliza- 
tion, access is achieved via common femoral artery puncture. 
Access is achieved typically under ultrasound guidance 
using an 18-gauge needle in a single-wall modified Seldinger 
technique. A guidewire is passed centrally under fluoro- 
scopic guidance, and a 6-French vascular sheath is placed 
and connected to a low-pressure heparinized saline flush. 
Through the sheath, a 5-French pigtail catheter can be used 
for nonselective aortography to define the arterial supply to 
the adrenal gland. Due to the variable anatomy of the vascu- 
lature, additional arteriograms of the inferior phrenic and 
renal arteries are obtained. For catheterization of the inferior 
phrenic artery, main renal artery, and middle adrenal artery 
originating from the aorta, a 5-French catheter can be used. 
For superselective angiography of the adrenal arteries, a 
2.4-French microcatheter system is used with coaxial tech- 
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nique. Digital subtraction angiography is performed to con- 
firm appropriate catheter placement, and the embolic agent is 
then administered via flow-control technique [138]. 

There are currently no reports in the literature clearly stat- 
ing/conveying that one embolic agent is superior to the oth- 
ers and/or suitable for all indications of AAEs. Rather the use 
of certain embolic agents is dependent on their unique char- 
acteristics, the clinical situation, vessel size, endpoint desired 
(permanent vs temporary occlusion), and the preference of 
the physician. Microcoils can occlude the proximal part of 
the artery while preserving the distal and parenchymal circu- 
lation. Unfortunately, coils are not useful if the vessel is of 
small caliber or tortuous. Coils have been predominately 
used for permanent proximal vessel occlusion and treating 
adrenal artery aneurysms, traumatic adrenal artery injury, 
and hemorrhagic adrenal masses. Semi-permanent particu- 
late agents, such as polyvinyl alcohol (PVA) and Trisacryl 
gelatin microspheres, are mainly used for tumor emboliza- 
tion and traumatic adrenal hemorrhage. Unfortunately, PVA 
particles can occasionally clump and thus occlude the cath- 
eter, but Trisacryl gelatin microspheres are less susceptible 
to this due to their hydrophilic nature. The combination of 
microcoils and PVA particles has been used for ruptured 
adrenal artery aneurysms. In these situations the coils proxi- 
mally occlude the main arterial supply to stop the acute 
bleeding, while the PVA particles act distally to prevent later 
recanalization from the distal arterial collateral supply [120]. 
Liquid embolic agents, such as ethanol, bucrylate, and 
N-butyl-2-cyanoacrylate, have low viscosity and are easier 
to use in small or tortuous vessels. Embolization of tumors 
not complicated by hemorrhage is typically done with etha- 
nol. Because ethanol is nonparticulate, it can permeate and 
cause coagulative necrosis of a tissue bed, while adhesive 
agents (bucrylate and N-butyl cyanoacrylate) do not perme- 
ate to the capillary level and thus avoid tissue infarction. 
However a disadvantage of adhesive agents is potential 
entrapment of the catheter in the embolized artery [86]. 


Complications 


AAE is a safe, less invasive, and safe adjunct to surgery or 
alternative treatment in the management of adrenal tumor 
control/palliation, excess adrenal hormone secretion, rup- 
tured adrenal tumors, traumatic adrenal injury, and adrenal 
artery aneurysms. Nevertheless, there are some self-limited 
complications/side effects that can be treated conservatively. 

Mild to moderate flank pain and low-grade fever are the 
most common complications of AAE, occurring in 29-82% 
and 22-30% of patients, respectively [4, 86, 88, 89]. 
Transient hypertension and pleural effusions are other com- 
mon complications of the procedure. These common compli- 
cations are generally seen within the first 2 weeks after AAE. 
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It believed that the pleural effusions are due to transient 
ischemia of the diaphragm from embolization of the inferior 
phrenic artery. Inferior phrenic artery embolization has also 
led to a side effect of persistent hiccups due to diaphragmatic 
irritation. 

It is vital to avoid reflux of embolic agents into normal 
and/or nontarget arteries in order to avoid unnecessary/ 
unplanned ischemia. Additionally, precise microcoil place- 
ment is important, as the coil can act as a potential source of 
thrombus [86]. 

Neither adrenal infarction nor adrenal insufficiency fol- 
lowing AAE has been reported, likely due to the adrenal 
gland’s impressive collateral vasculature. Fortunately, there 
are also no reports of immediate deaths or serious complica- 
tions following AAE. 


Outcomes 


AAE can be used as a safer, less invasive adjunct, and even 
alternative, to surgery in the treatment of a variety of adrenal 
pathologies and conditions. Reported indications docu- 
mented in the literature include palliation of adrenal tumors, 
adrenal hemorrhage (traumatic and tumor-related), hormonal 
suppression, and rarely adrenal aneurysms. With proper 
technique, patients have tolerated the procedure with self- 
limited symptoms and relatively successful outcomes [4, 
85-88]. 

As mentioned previously, a major indication for AAE is 
palliation of adrenal tumors in order to decrease tumor size, 
vascularity, and pain. Several case reports and case series 
document the successful use of this procedure in palliation of 
primary and metastatic adrenal tumors. O’Keeffe et al. 
reported the use of AAE in five patients with adrenal metas- 
tasis, which resulted in pain relief and reduced tumor vascu- 
larity, as well as decreased tumor bulk in the three of the 
patients who underwent follow-up CT [89]. Prabhasavat 
et al. conducted a retrospective case series of three patients 
and concluded that AAE was effective in reducing tumor 
vascularity and patients’ pain [139]. Sormaz et al. reported a 
series of three patients who underwent AAE prior to adrenal- 
ectomy of highly vascularized adrenal tumors. They found a 
marked reduction in vascularity and size of collateral vessels 
that were helpful in reducing blood loss during the adrenal- 
ectomies [140]. Yamakado et al. conducted a case series of 
six patients with adrenal metastasis of HCC and found that 
the combination of radiofrequency and AAE was a safe and 
effective treatment [141]. Shuto et al. reported the longest 
survival time of adrenal metastasis with HCC after treatment 
with AAE as 68 months, which was in a 66-year-old male 
patient [142]. 

If adrenal tumors are not properly managed, they can 
hemorrhage leading to massive retroperitoneal bleeding. 
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Due to its rarity, there is not a standardized treatment strat- 
egy, but AAE has been used successfully in several cases. 
Pheochromocytoma is the most common primary adrenal 
tumor causing hemorrhage with adrenalectomy serving as 
the ultimate treatment. However, there were no deaths 
reported in five cases in which AAE was used for hemostasis 
and stabilization prior to surgery. There are two cases of ret- 
roperitoneal hemorrhage from adrenal myelolipomas in 
which AAE with PVA particles or gelatin sponge particles 
was successfully used for hemostasis prior to adrenalectomy 
[99, 100]. Yang et al. reported the use of AAE prior to adre- 
nalectomy in order to treat a patient with HCC metastasis, 
who survived 18 months after treatment [102]. Ambika et al. 
reported the sole use of AAE to treat a patient with SCLC 
metastasis, who later died of brain metastasis 3 months after 
treatment. It is important to note that the majority of these 
patients mentioned above underwent AAE for hemostasis 
prior to adrenalectomy [100]. Giurazza et al. conducted a ret- 
rospective analysis of 17 patients who underwent AAE to 
treat acute adrenal hemorrhage, with 8 of these patients hav- 
ing hemorrhages secondary to adrenal neoplasms. Among 
the eight patients with neoplastic adrenal hemorrhages, five 
presented with adrenal metastasis (one from HCC, four from 
lung cancers), two presented with pheochromocytoma, and 
one presented with adenocarcinoma of the adrenal gland. 
The clinical success rate, defined as hemodynamic stability 
restoration within 24 hours of the procedure, was 82.3% 
among all 17 patients in the analysis. None of the patients 
suffered infarctions, necrosis, or abscess formation or 
required long-term steroid supplementation as a result of the 
procedure [87]. 

AAE has also been used to suppress excess hormone 
secretion in several active endocrine tumors of the adrenal 
gland. This was first reported in 1978 and 1983, in which 
patients with pheochromocytoma underwent AAE in order 
to decrease intraoperative and perioperative complications of 
eventual adrenalectomy. Outcomes for these patients were 
good, with no recurrence of symptoms both 5 months and 
1 year after the operation [103, 104]. Adrenalectomy is also 
the treatment of choice for aldosteronomas, but there are 
reports of AAE with ethanol being used in patients refusing 
surgery and those with increased risk of surgical complica- 
tions. Hokotate et al. published a case series consisting of 33 
cases of aldosteronomas treated with AAE. They reported an 
82% success rate using superselective adrenal arterial embo- 
lization with high concentration ethanol and observed no 
severe complications [105, 106]. AAE has also been success- 
fully used to treat Cushing’s syndrome caused by adrenal 
adenomas and ACCs. Uflacker et al. reported symptom and 
hormone reduction for at least 1 year in a patient who under- 
went right middle AAE for Cushing’s syndrome secondary 
to ACC [108]. Ueno et al. reported symptom and hormone 
reduction for at least 9 months in a patient who underwent 
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left inferior AAE for Cushing’s syndrome secondary to an 
adrenal adenoma [107]. O’ Keeffe et al. also documented the 
progress of Cushing’s syndrome in one of the patients in 
their case series who suffered from it secondary to their adre- 
nal adenoma. Unfortunately said patient’s Cushing’s syn- 
drome had an initial clinical and biochemical response, but 
there was relapse after 1 year [89]. 

Adrenal gland trauma is a rare occurrence due to the 
glands’ location in the retroperitoneum and protection by 
other organs. However blunt injury to the adrenal glands can 
lead to fatal hemorrhage [109]. Four published case reports 
describe the successful use of AAE to treat isolated adrenal 
artery hemorrhage. The embolizations described in said case 
reports were performed with microcoils, PVA particles, and 
N-butyl cyanoacrylate glue [114, 117, 130, 131]. In the 
aforementioned retrospective analysis of 17 adrenal hemor- 
rhage patients treated with AAE, reported by Giurazza et al., 
7 of the patients suffered adrenal hemorrhage secondary to 
trauma. The clinical success rate among all 17 patients was 
82.3% (14 out of 17 patients), with all 2 patients dying in 
recovery due to associated major traumatic injuries and 1 
dying due to advanced oncologic disease [87]. 

Visceral artery aneurysms, especially adrenal artery aneu- 
rysms, are rare but have a high risk of rupture and ensuing 
life-threatening hemorrhage. Three published case reports 
describe the successful use of AAE to treat spontaneously 
ruptured adrenal artery aneurysms in men with hypertension. 
One of these patients would undergo an adrenalectomy 
12 days later, while the other two were solely treated with 
AAE and survived at least 11 months [118, 120, 121]. 
Pseudoaneurysms can also occur in the adrenal arteries, and 
Ikeda et al. reported the successful use of AAE to treat a 
49-year-old man with traumatic adrenal artery pseudoaneu- 
rysm. An isolation technique consisting of coil embolization 
of the vessels both distal and proximal to the pseudoaneu- 
rysm was successfully performed [119]. 


Summary and Conclusion 


Adrenal incidentalomas have been increasingly discovered 
with the increased utilization of CT and MR imaging studies. 
A biochemical profile in addition to percutaneous adrenal 
biopsy should be completed, when appropriate. Care should 
be taken to rule out pheochromocytoma prior to adrenal 
biopsy to reduce risk of hemorrhage. Adrenal venous sam- 
pling is proving to be a reliable technique for the accurate 
localization of adrenal lesions compared to CT and MR 
imaging. Adrenal ablation has been proposed as a treatment 
of adrenal tumors. Bleeding, infection, hypertensive crisis, 
and thermal damage to adjacent organs are reported to be the 
most common complications following adrenal ablation. The 
role of embolization in palliation of adrenal tumors, adrenal 
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hemorrhage, hormonal suppression, and adrenal aneurysms 
is being studied, and results are promising. Each technique is 
not without its complications; however, studies have shown 
that the complication rates are low and proven to show a sub- 
stantial benefit in appropriate patients. 
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Pelvic Congestion Syndrome 
Introduction and Background 


Pelvic congestion syndrome (PCS), defined by chronic pel- 
vic discomfort greater than 6 months, is often a poorly 
understood and undertreated condition. Deeper understand- 
ing of the disorder is important because of its association 
with often debilitating pain and related psychological and 
sexual dysfunction [1]. 


Epidemiology 


The prevalence and incidence of pelvic congestion syndrome 
is not entirely clear. Studies have evaluated a variety of 
cohorts, with prevalence ranging anywhere from 10-38% 
[2]. One study looked at preoperative aortograms in 273 
healthy female kidney donors, of which 9.9% were found to 
have an incompetent ovarian vein with caudal flow and 59% 
of those women reported chronic pelvic pain [3]. Another 
study evaluating more than 280,000 women from the 
MediPlus UK Primary Care Database found the monthly 
prevalence of PCS to be 21.5/1000 and the incidence to be 
1.58/1000. The annual prevalence was found to be similar to 
asthma and back pain [4]. 


Etiology and Pathophysiology 


There are three main etiologies of PCS, including gonadal 
vein reflux, venous obstruction (nutcracker syndrome), and 
venous thrombotic disease (May-Thurner syndrome). 
Gonadal vein reflux from vein incompetence is thought to be 


C. D. Yeisley - M. Al-Roubaie (<) 

Department of Interventional Radiology, Zucker School of 
Medicine at Hofstra/Northwell, Manhasset, NY, USA 
e-mail: malroubaie @northwell.edu 


the most common cause and may also be associated with 
pelvic varices and internal iliac venous insufficiency. 
Hormonal factors likely play a role in gonadal vein reflux. 
Nociceptive factors, such as estradiol in pregnancy, prevent 
vasoconstriction and allow for dilation of the vessels [5]. As 
such, multiparity results in chronic venous reflux from dis- 
tention and resulting valvular incompetence [6]. More so, 
pelvic varicose veins are also associated with polycystic ova- 
ries, obesity, and exogenous estrogen exposure [7]. 

Patients may also develop PCS secondary to venous 
obstruction, such as in nutcracker syndrome (Fig. 33.1). 
Nutcracker syndrome is the result of the anatomical course 
of the left renal vein, which passes between the SMA and 
aorta. Compression at this level results in increased venous 
pressure, vasodilation, and eventually valvular incompe- 
tence. In the setting of a retroaortic left renal vein, compres- 
sion may occur between the aorta and spine [8]. This etiology 
may also be secondary to venous thrombosis along the 
gonadal drainage pathway. For example, endometriosis or 
malignancy can result in thrombosis in the gonadal or renal 
veins. Hepatic vein thrombosis in the setting of Budd-Chiari 
syndrome results in increased portal venous pressure and can 
result in PSC. 

Finally, PCS can be the result of venous thrombotic dis- 
ease, specifically in the setting of May-Thurner syndrome 
(Fig. 33.2). May-Thurner syndrome is the result of compres- 
sion of the left common iliac vein as it courses posteriorly to 
the right common iliac artery. If the compression is signifi- 
cant enough, it results in venous stasis and ultimately venous 
thrombosis extending peripherally from the left common 
iliac vein. The venous outflow obstruction then potentiates 
collateral flow, often involving the superficial external 
pudendal or tributary vessels, and eventually results in periv- 
ulvar and periuterine varices; ultimately resulting in symp- 
toms seen in PCS. 
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Fig. 33.1 CT and MR images of a woman with chronic pelvic pain 
demonstrate bilateral dilated parauterine veins consistent with pelvic 
congestion syndrome (a). Left renal venography demonstrates a dilated 
left gonadal vein with sluggish flow including enhancement of the bilat- 
eral parauterine varicosities (b). Additionally, there appears to be 


Symptomatology, Physical Exam, 
and Screening 


Females with PCS will have burning or throbbing pelvic pain 
exaggerated by prolonged standing. They may experience 
dysuria, dysmenorrhea, or dyspareunia [8]. Physical exam of 
patients may be normal, or reveal findings consistent with 
uterine enlargement, fullness of the vagina or cervix, or ten- 
derness with palpation. Patients may also have varices 
involving the labia, perineum, buttock, or lower extremity 
[9]. When patients with PCS have undergone surgery, direct 
visualization mirrors these physical exam findings, with full- 
ness of the uterus and/or varicosities seen within the broad 
ligament or pelvic sidewall veins [10]. 


abnormal tortuosity and dilatation of the left renal venules. Closer 
investigation of the left renal vein with a more proximal left renal veno- 
gram demonstrates a severe stenosis of the mid left renal vein, consis- 
tent with nutcracker syndrome (c) 


Diagnostic Imaging 


Ultrasound 

Ultrasound (US) is the preferred first-line imaging modality 
when the diagnosis of PCS is expected and is also useful in 
excluding other diagnoses [7]. US should also be performed 
in the standing position or with instructed Valsalva, as venous 
collapse may be seen in the supine position [6]. Pelvic vari- 
ces are nonspecific to the diagnosis, as they can often be seen 
in asymptomatic women [11]. Findings suggestive of PCS 
on US include tortuous venous plexuses, dilated arcuate pel- 
vic veins crossing the myometrium, and ovarian vein diam- 
eter >6 mm with slow (<3 cm/s) or reversed blood flow [6]. 
In addition, if the suspected etiology of PCS is May-Thurner 
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Fig. 33.2 CT findings of a woman with chronic pelvic pain demon- 
strate bilateral dilated parauterine varices (a), as well as compression of 
the left common iliac vein by the right common iliac artery (b). Left 
external iliac venography demonstrates an abrupt column-shaped par- 
tial filling defect involving the proximal left common iliac vein and 
back-flow of contrast into a network of extensive pelvic varices consis- 


syndrome, Duplex sonography of the lower extremities 
should be performed to evaluate for deep vein thrombosis 
extending from the central lower extremity veins. 


Magnetic Resonance Imaging 

MRI and MRV are useful tools in the diagnosis of PCS, as 
they readily evaluate the pelvic anatomy in a three- 
dimensional manner without exposing the patient to ionizing 
radiation. Multisequence, multiplanar MR to evaluate the 
pelvic vasculature, including true-FISP, two- and three- 
dimensional gradient-echo sequences, and post-contrast T1 
images should be performed (Fig. 33.3). Findings are similar 
to US, including pelvic varices, tortuous venous plexuses, 
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tent with May-Thurner syndrome and pelvic congestion syndrome 
respectively (c). Venography status post stenting of the left common 
iliac vein demonstrates good flow through the left common iliac vein 
and resolution of back-filling of the pelvic varices. The left gonadal 
vein was also embolized with coils (d) 


and ovarian vein diameter >6 mm [6]. Lower extremity 
thrombosis may also be seen at MR in the setting of May- 
Thurner syndrome. Venous phase may demonstrate com- 
pression of the left iliac vein. Studies have shown MRV to be 
almost as accurate as phlebography for the evaluation of pel- 
vic congestion syndrome, with sensitivity and specificity for 
ovarian vein incompetence as high as 88% and 67%, respec- 
tively [12]. 


Venography 

In patients with PCS, catheter venography shows similar 
findings to US. These may include congestion of the pelvic 
venous plexus, ovarian vein diameter >6 mm, and/or pelvic 
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Contrast enhanced coronal MR imaging shows a dilated left gonadal vein and bilateral parauterine varicosities (a). Left gonadal venog- 


raphy demonstrates the same findings with sluggish/reversal of flow through the left gonadal vein and into the parauterine varicosities (b) 


vein diameter >5-10 mm. Additionally, opacification of 
internal iliac vein or vulvovaginal/thigh varices may be seen. 
Subjectively slow drainage or contrast retention within the 
tortuous vasculature is suggestive [7]. Deep vein thrombosis 
is readily identified at venography. If venous compression is 
not readily evident, intravascular ultrasound (IVUS) is a use- 
ful adjunct. IVUS more clearly delineates stenoses or asym- 
metric wall compression that may be overlooked at 
venography [13]. 


Treatment 


Non-Interventional Radiology Treatment 

Both medical and surgical treatments for pelvic congestion 
syndrome have been researched and attempted. Small stud- 
ies have shown varying degrees of effectiveness with medi- 
cal treatment aimed at an underlying hormonal component. 
Soysal et al. showed a decrease in both subjective and objec- 
tive factors in patients receiving goserelin acetate or 
medroxyprogesterone [2]. However, a study by Chung and 
Huh demonstrated 72% of their PCS cohort failing medical 
therapy between 4-6 months [14]. Overall, outcomes for 
medical treatment are variable, without large studies, and 


may expose patients to medication side effects [2]. 
Hysterectomy and surgical ligation of the ovarian veins have 
been attempted to treat PCS. However, studies show residual 
pain in 33% of patients undergoing hysterectomy and recur- 
rence in 20% of patients. There is limited data on the effec- 
tiveness of ovarian vein ligation [1]. 


Interventional Radiology Embolization 

Venous drainage of the pelvis structures is via the internal 
iliac and gonadal veins. The left gonadal vein drains into the 
left renal vein whereas the right gonadal vein drains directly 
into the IVC. Operators must be aware of anatomic variants 
and that multiple trunks may be present [5]. Typically, mul- 
tiple trunks form a single vessel approximately at the level of 
L4. Valves are predominantly seen within the distal third of 
these vessels [8]. 


Venography and Embolization 

To perform the procedure, venous access is obtained from 
either a femoral or jugular approach. An angled glide wire 
and conjunction with a diagnostic catheter, usually a 5F 
Cobra, is advanced into the vena cava. Selective catheter- 
ization is performed for each ovarian vein. The right side 
usually requires a reverse curve catheter, such as Simmons 
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or Sos. Hand injection is performed, preferably with reverse 
Trendelenburg. As with diagnostic US, evaluation is also 
performed with Valsalva, when possible, as venous col- 
lapse may be seen in the supine position [8]. Varices can be 
seen within the utero-ovarian and salpingo-ovarian veins, 
which connect to the ovarian veins through the broad liga- 
ment, and with the rectal, vaginal, and/or vesical veins [5]. 
Embolization of the variceal network is often performed 
using a microcatheter within the proximal aspect of the 
lesion, through which sclerosant agents or glue are injected. 
The incompetent gonadal vein (or internal iliac vein in 
cases of iliac venous incompetence) is embolized with 
coils, microvascular plugs, sclerosant, or any combination 
of these embolics. 

Evaluation for nutcracker syndrome is made by evalua- 
tion of the retrograde renocaval gradient. Obstruction in nut- 
cracker syndrome results in elevated gradient between the 
left renal vein and the vena cava. Therefore, the catheter is 
placed within both the distal left renal vein and IVC and 
pressures are recorded [8]. Once a diagnosis of this syn- 
drome is confirmed, surgical treatment can be pursued, 
including venous bypass. A more comprehensive review 
syndrome can be found in Chap. 26, Nutcracker Syndrome: 
Renal Venous Intervention. 

Treatment of May-Thurner syndrome may relieve symp- 
toms of PCS in this subset of patients. Attention to May- 
Thurner syndrome is often raised when there is lower 
extremity pain and swelling in the setting of extensive clot 
burden. Treatment is typically initiated with systemic antico- 
agulation followed by catheter directed venous lysis. 
Following initial lysis, the patient is monitored in an ICU 
setting with an indwelling venous sheath and continuous tPA 
infusion. The patient is brought back to the angiosuite after 
24 h for reevaluation and possible thrombectomy. Treatment 
may continue for up to 72 h depending on clot burden. 
Successful thrombolysis is typically followed by stent place- 
ment at the site of venous compression to prevent 
re-thrombosis. 


Discharge 

Treatment for PCS is typically performed on an ambulatory 
basis. Most patients will receive conscious sedation for the 
procedure and are typically discharged once the effects of 
sedation have worn off (1-2 h). The site of venipuncture 
should be evaluated prior to discharge for bleeding or hema- 
toma. Post-embolization pain is a potential limitation to dis- 
charge, but only a fraction of patients will experience 
significant pain to warrant admission. Significant pain, 
weakness, or fever should prompt the patient to contact the 
provider or return to the emergency department. 
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Follow-Up 

Patients should undergo outpatient Doppler sonography 
6 weeks after embolization for pelvic congestion syndrome 
[15]. Alternatively, MR/MRV can be used to assess for reso- 
lution of pelvic varices. 


Complications 

Complications related to treatment of PCS include those of 
any procedure involving venous access or embolization, 
which are overall rare. Venous access may result in hema- 
toma or pseudoaneurysm formation or venous thrombosis. 
Traumatic arteriovenous fistula can occur in more distal 
puncture sites where femoral vein and artery typically run 
parallel to one another in an anterior-posterior fashion. 
Traumatic catheterization may result in dissection or perfo- 
ration of the vessel, which are usually self-limited. Clinically 
significant bleeding, such as retroperitoneal bleeding, rarely 
occurs but is more common in punctures cephalad to the 
inguinal ligament. Jugular approach carries a higher risk of 
pneumothorax. Patients who are obese or on anticoagulation 
are more prone to complications [16]. Embolization is typi- 
cally performed with microcoils or vascular plugs. 
Undersized coils present the risk of non-target embolization, 
including to the pulmonary artery [8]. Paradoxically, post- 
embolization syndrome poses the risk of creating worsening 
pelvic pain from inflammation of the target tissue. A meta- 
analysis by Brown et al. showed an overall complication rate 
of 0.038% [17]. 


Tips and Tricks 


Access into enlarged and tortuous gonadal veins may often 
be difficult with a 5F catheter, especially on the right due to 
the acute angle of its origin from the IVC. For this reason, 
the authors routinely use a 6F guiding catheter after initial 
access to create sufficient support for the 5F system. 

The use of thrombogenic metallic coils is the traditional 
method to embolize gonadal veins, however the advent of 
newer embolic agents has resulted in a variety of approaches 
among practitioners (Fig. 33.4). In addition to coils, the use 
of liquid embolic agents in the treatment of PCS, including 
gelfoam, lopiodol, and N-BCA glue, has been described as 
effective embolic agents [15]. Additionally, metallic micro- 
vascular plug devices have been introduced as an alternative 
or supplement to metallic coils [18]. 

The most commonly used approach among interven- 
tionalists today involves the use of sclerosant agents, 
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Fig. 33.4 Distal right gonadal venography with a microcatheter demonstrates extensive parauterine varicosities (a) which were subsequently 
embolized with STS foam solution (b). The proximal and mid duplicated right gonadal veins were then embolized with coils (c) 


namely sotradecol, in combination with coils and/or 
microvascular plugs. Sotradecol 1% or 3% solution is 
mixed with contrast media in a 1:1 solution and injected 
via a microcatheter into the substance of the varix. 
Alternatively, sotradecol is mixed with contrast media and 
air in a 1:1:1 ratio creating a foam mixture, which is then 
injected into the varix. The gonadal vein is then embolized 
in an intermittent fashion with coils and/or microvascular 
plugs to just below the level of its origin. Some practitio- 
ners inject sclerosant in between the coil packs (or micro- 
vascular plugs), known as the “sandwich” technique. At 
present, there is insufficient evidence comparing the effi- 
cacy of the varying approaches. 


Outcomes 


Multiple studies have been performed evaluating outcomes 
of percutaneous embolization for PCS with clinical suc- 
cess rates as high as 94% [19]. Chung and Huh compared 
outcomes of patients undergoing embolization, hysterec- 
tomy with bilateral oophorectomy, and hysterectomy with 
unilateral oophorectomy. This study showed that percuta- 
neous embolization for PCS was significantly more effec- 
tive at decreasing pelvic pain than surgical options. 
Additionally, the patients were subdivided based on a 
revised stress readjustment scale as anxiety, depression, 


and/or sexual dysfunction is often a component of the 
overall disease process. Patients with lower stress scores 
also had improved long-term outcomes (12-month follow- 
up), suggesting that psychological support has a role in the 
treatment of the disease [14]. 

Patients who have PCS in the setting of May-Thurner 
syndrome often have improvement in symptoms following 
treatment of the lower extremity thrombotic disease and 
without additional intervention. Rollo et al. demonstrated 
clinical improvement in up to 98% of patients following 
endovascular therapy of May-Thurner syndrome [20]. 

Multiple embolization techniques have been utilized in 
the setting of venous incompetence, without consensus of an 
optimal technique. A study comparing vascular plugs and 
fibered platinum coils showed a statistically significant 
decrease in fluoroscopy time and radiation dose for the vas- 
cular plug cohort with equivalent outcomes [18]. 


Limitations of Current Research 


Limitations of the procedure fall mostly within a lack of 
research with large cohorts or evaluation of long-term out- 
comes. However, the available data do show significant 
decrease in pain scores, with symptomatic improvement in up 
to 80-90% of patients. Current literature fails to provide 
insight into the treatment’s influence of menses or fertility [7]. 
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Conclusion 


Pelvic congestion syndrome is an underdiagnosed condition 
with significant impact on the affected patients’ lives. Better 
understanding of the disease process, the differential diagno- 
sis, and imaging findings are important for both radiologists 
and referring clinicians. As the role of interventional radiol- 
ogy increases in the treatment of these patients, larger studies 
evaluating outcomes will be necessary. Additionally, evalua- 
tion of ideal embolic materials and anatomic level of embo- 
lization will be beneficial for patient care. 


Male Varicoceles 
Epidemiology 


The general incidence of varicoceles in both adolescent and 
adult males is near 15%. However, the incidence in infertile 
males reaches 33% [21]. Similarly, varicoceles are more 
common in men with abnormal semen than those with nor- 
mal semen [22]. 


Etiology and Pathophysiology 


The veins of the testes and epididymis join to form the 
pampiniform plexus within the scrotum and extend into the 
spermatic cord. The bilateral plexi eventually unite to form 
the gonadal veins. Varicocele formation results when there is 
abnormal distention of the pampiniform plexus, usually 
related to reflux, impaired drainage, or absence of valves in 
testicular veins [8]. 


Symptomatology, Physical Exam, 
and Screening 


Varicoceles may be asymptomatic, or present with fullness 
and pain. There may be a time-dependent decrease in size 
and functionality of the testes, resulting in decreased sperm 
count or infertility, as a result of germ cell apoptosis second- 
ary to increased scrotal temperature [23]. 

Patients should be examined for varicoceles after stand- 
ing for at least 5 min and preferably with Valsalva maneu- 
vers. There may be obvious distention on visual inspection 
or the classically described “bag of worms” on palpation. 
Grading for varicoceles includes no palpable varicocele dur- 
ing Valsalva maneuver (Grade 0), palpable only during 
Valsalva maneuver (Grade 1), palpable at rest (Grade 2), and 
palpable and visible at rest (Grade 3). There should be a 
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decrease in distention when the patient goes from standing to 
supine. Varicoceles are usually left-sided or less commonly 
bilateral. Unilateral right-sided varicoceles or varicoceles 
that do not decrease when supine should prompt evaluation 
for malignancy or adenopathy [8]. 


Diagnostic Imaging 


Ultrasound 

Duplex ultrasonography is the preferred initial imaging 
modality to confirm physical exam findings. Diagnosis is 
confirmed by the presence of two prominent (>2 mm), tortu- 
ous veins in the pampiniform plexus (Fig. 33.5). Vessel 
diameter should increase with Valsalva [8]. 


Venography 

Positive catheter venography for varicocele is seen when 
there is reflux into the pampiniform plexus from the gonadal 
veins for at least 2 s. Retrograde flow from collateral vessels 
may also be seen [24]. 


Treatment 


Non-Interventional Radiology Treatment 

Some patients with varicoceles have relief of symptoms with 
conservative management, including scrotal elevation and 
NSAIDs. Multiple surgical techniques have been described 
for varicocelectomy, including the Palomo, microsurgical, 
and laparoscopic techniques. Of these, the microsurgical 
technique demonstrates the highest spontaneous pregnancy 
rate at approximately 40% and the lowest recurrence rate of 
1-2%. 


Interventional Radiology Embolization 
Indications for intervention for male varicoceles include 
bilateral varicoceles, recurrence after surgical repair, adult 
male with a palpable varicoceles, and abnormal semen anal- 
yses but are not currently attempting to conceive, male part- 
ner attempting to conceive with palpable varicoceles or when 
the female has documented normal fertility, prophylactic 
repair in adolescent men with testicular atrophy, and patients 
older than 18 years of age with abnormal semen analysis [8]. 
Venous access is obtained from either a femoral or jugular 
approach. A guidewire and angled catheter are advanced into 
the vena cava and used to select the renal vein. The initial 
venogram is performed from the midpoint of the renal vein 
to evaluate for patency and reflux. Reflux greater than 2 s is 
diagnostic. Next, venography of the testicular vein is per- 
formed, preferably with either reverse Trendelenburg or 
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Grayscale and color Doppler ultrasound images demonstrate 
a dilated network of veins in the left scrotum consistent with varicocele 
(a). Proximal renal venography with a 5F catheter demonstrates dilated 


Left renal 
venography in a patient with 
symptomatic varicocele 
demonstrates a circumaortic 
left renal vein (a). Status post ) 
coil and vascular plug 
embolization of the left 
gonadal vein (b) 
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Valsalva. Careful note is paid for aberrant blood supply to a 
varicocele [8]. 

Embolization is performed to prevent retrograde flow 
from the gonadal vein or aberrant flow to the pampiniform 
plexus. Desired occlusion is of the testicular vein at mini- 
mum to the level of inguinal ligament, and as superior as 


and duplicated left gonadal veins (b). Distal left gonadal vein venogra- 
phy with a microcatheter demonstrates the left varicocele as seen on 
ultrasound images (c) 
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5 cm from the confluence of the testicular vein and left renal 
vein (Fig. 9). Embolization to this level is required to 
occlude collateral and aberrant flow. Coils, vascular plugs, or 
sclerosants may be utilized. If coils are used as the embolic 
agent, they should be sized approximately 10% larger than 
the spermatic vein [8]. 
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Discharge 

Gonadal vein embolization for treatment of varicoceles may 
be performed under local anesthetic or with the use of con- 
scious sedation. In either circumstance, patients are typically 
observed for 2-3 h post-procedure. Routine activities can be 
resumed in 24—48 h. Patients should be advised to contact 
their provider or return to the Emergency Department if they 
develop severe pain, fevers, or significant scrotal swelling 
post-procedure. 


Complications 

Complications related to treatment of varicoceles include 
those of any procedure involving venous access or emboliza- 
tion, which are overall rare. Venous access may result in 
hematoma or pseudoaneurysm formation or venous throm- 
bosis. Traumatic arteriovenous fistula can occur in more dis- 
tal puncture sites where femoral vein and artery typically run 
parallel to one another in an anterior-posterior fashion. 
Traumatic catheterization may result in dissection or perfo- 
ration of the vessel, which are usually self-limited. Clinically 
significant bleeding, such as retroperitoneal bleeding, rarely 
occurs but is more common in punctures cephalad to the 
inguinal ligament. Jugular approach carries a higher risk of 
pneumothorax. Patients who are obese or on anticoagulation 
are more prone to complications. Embolization is typically 
performed with micro coils or vascular plugs. Undersized 
coils present the risk of non-target embolization, including to 
the pulmonary artery. 

Embolization of the spermatic vein may result in phlebo- 
thrombosis and phlebitis, which will present as fever, pain, 
and scrotal swelling within the first 48 h of the procedure. If 
suspected, serial duplex sonography should be performed to 
evaluate for testicular necrosis, a rare but feared complica- 
tion [8]. This complication is not commonly seen in surgical 
approaches where the testicular artery is ligated. Hydrocele 
formation is a potential complication unique to open repair. 


Tips and Tricks 


Similar to pelvic congestion syndrome in females, there are 
a variety of techniques described for gonadal vein emboliza- 
tion in the setting of varicocele. Bland embolization with 
metallic coils and/or vascular plugs remains the mainstay, 
however the use of liquid embolic agents has been described 
[22]. As a general rule, injection of sclerosants or glue into 
the varicocele within the scrotal sac should be avoided. 
These agents cause a local inflammatory response that can be 
very painful. Additionally, the proximity of the varicocele to 
the skin creates the potential for contact of sclerosants to the 
dermis, and subsequent ulcer formation. 

Coils and vascular plugs should not be deployed below 
the inguinal ligament. They may be palpable and eventually 
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Fig. 33.7 Final scout image of a male patient who underwent bilateral 
gonadal vein embolization with coils and plugs 


lead to skin erosion. Embolization should begin at the 
gonadal vein above the inguinal ligament. Coil packs and/or 
vascular plugs should be used to embolize the remaining 
gonadal vein in an intermittent fashion (Fig. 33.7). The 
“sandwich” technique described in the PCS section can also 
be utilized, although no significant data exists to adequately 
compare different embolization techniques. Finally, vascular 
plug devices and dense coil packs should be avoided where 
the gonadal vein crosses the ureter due to potential for ure- 
teral irritation or extrinsic compression; this holds true for 
PCS treatment as well (Fig. 33.8). 


Post Treatment 


Follow-Up 

Male patients undergoing embolization for varicoceles 
should have outpatient Doppler sonography 3 months post- 
procedure. In patients who undergo therapy for infertility, 
semen analysis may be performed after 4—6 months [22]. 
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Fig. 33.8 A male with 
varicocele after coil 
embolization of the left 
gonadal vein (a), and a female 
with pelvic congestion 
syndrome after previous coil 
embolization of the left 
gonadal vein (b). Note the 
position of the ureters; plug 
devices and/or large coil mass 
embolization should be 
avoided where the gonadal 
veins cross the ureters 


Outcomes 

Studies have shown higher increase in sperm density and 
percent total improvement in patients undergoing emboliza- 
tion compared to surgery, although these differences were 
not statistically significant. Overall, sperm motility and pro- 
gression were increased for both groups [23]. Other studies 
have shown an increase in spontaneous pregnancy rates in 
both embolization and surgical techniques, with the highest 
pregnancy rate and lowest recurrence rate with microsurgical 
techniques. However, persistent pain occurs in approxi- 
mately 10% of patients undergoing surgery and this proce- 
dure may require prolonged hospitalization [8]. 
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Introduction 


The retroperitoneal space is situated between the posterior 
abdominal parietal peritoneum and the internal surface of the 
transversalis fascia and extends from the diaphragm to the 
pelvis. Various pathologies are found in this space and are 
often accessible to the biopsy needle. This includes acute and 
chronic inflammatory processes, as well as benign and 
malignant tumors (primary and metastatic). 

Primary retroperitoneal neoplasms are a rare group of 
tumors that do not arise from a specific organ, but rather 
originate from tissues or rests of embryonic cells which 
exist in the retroperitoneum [1]. They can be divided into 
solid and cystic, with the former being mostly malignant 
and the latter often benign. The vast majority of retroperito- 
neal solid tumors are metastatic. Primary solid retroperito- 
neal neoplasms account for 0.1% of all malignancies and 
can be mesodermal, neurogenic, or extragonadal germ cell 
tumors [2]. Mesodermal tumors are the most common, with 
liposarcoma and leiomyosarcoma representing the most fre- 
quent pathologies. Well-differentiated liposarcoma is the 
most prevalent cancer histological subtype in the retroperi- 
toneum and can be indistinguishable from a benign lipoma 
[3]. The third most common mesodermal retroperitoneal 
tumor is the malignant fibrous histiocytoma (MFH), that 
arises from undifferentiated mesenchymal cells. Finally, 
neurogenic tumors (schwannomas, neurofibromas, paragan- 
gliomas, neuroblastomas) and extragonadal germ cell 
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tumors (seminoma, embryonal carcinoma, choriocarci- 
noma, teratoma, yolk sac tumor) can also be found in the 
retroperitoneal space. 

Retroperitoneal tumors are often diagnosed as incidental 
findings on imaging acquired for another indication. The 
average age of presentation is during the fifth to seventh 
decades, and the tumors are often large in size at diagnosis 
due to the paucity of symptoms associated with growth of 
retroperitoneal tumors. The nonspecific symptomatology of 
these tumors may include weight loss, anorexia, lower 
extremity pain, abdominal fullness, and back pain [4]. 


Imaging Approach and Correlations 


Precise localization and compartmentalization of large 
masses can be difficult as the size of the mass obscures its 
focus of origin. Displacement of anatomic structures may 
help localize the origin. Cross-sectional imaging with mag- 
netic resonance imaging (MRI) and computed tomography 
(CT) depict tumor characteristics, including the size and 
extent of the lesions, tissues content, and relationship with 
adjacent structures. MRI is superior in characterizing soft 
tissue and especially fat-containing lesions. CT imaging can 
demonstrate calcifications within lesions and more detailed 
spatial anatomy within the retroperitoneal space. The combi- 
nation of both methods provides the maximum information 
to characterize retroperitoneal masses [5]. MRI imaging can 
exquisitely “characterize” retroperitoneal masses [6], 
although no specific tumor histology features have unique or 
diagnostic imaging characteristics, by virtue of shared tissue 
components. At the same time, these common tumor tissue 
components may provide important clues to the origin of 
large retroperitoneal tumors, including fat signal associated 
with lipoma, liposarcoma, and teratoma, and myxoid stromal 
seeding in neurogenic tumors as well as myxoid liposarco- 
mas and malignant fibrous histiocytoma. In Table 34.1, we 
provide a differential diagnosis of retroperitoneal tumors 
based on imaging characteristics [7]. Viable tumor often 
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Table 34.1 Imaging characteristics and differential diagnosis 


Imaging 
characteristic CT / MRI findings Tumor 
Fat High attenuation atCT or Lipoma 
its high signal intensity at | Liposarcoma 
Tl-weighted MR imaging Myelolipoma 
with loss of signal intensity Cystic Lymphangioma 
on fat-suppressed images Germ cell tumor / 
Teratoma 
Extramedullary 
hematopoietic mass 
Calcifications Dedifferentiated 
liposarcoma 
Germ cell tumor / 
Teratoma 
Extragastrointestinal 
stromal tumor 
Myxoid Hyperintense signal in Neurogenic tumors: 
Stroma T2-weighted MRI Schwannoma 
sequences and delayed Neurofibroma 
contrast enhancement Paraganglioma 
Myxoid liposarcoma 
Myxofibrosarcoma 
Necrosis Low attenuation without High grade neoplasms 
contrast enhancement at CT Leiomyosarcoma 
and are hyperintense at Undifferentiated 
T2-weighted MR imaging pleomorphic sarcoma 
Pleomorphic 
liposarcoma 
Cystic Cystic lymphangioma 
component Cystic mesothelioma 
Hyper- Leiomyosarcoma 
vascularity Myxofibrosarcoma 


shows some degree of enhancement after the administration 
of intravenous contrast material, while necrotic material may 
show reduced density, hyperintensity on T2W imaging, and 
absence of contrast enhancement. Fat-containing tumors 
show high signal intensity on Tl-weighted MR imaging, as 
well as corresponding loss of signal on fat-suppressed image 
sequences. Myxoid stroma characteristically appears hyper- 
intense on T2W MR imaging and may show delayed T1 
enhancement after gadolinium injection [8]. 

Additional radiographic signs that may aid in the identifi- 
cation of tumor origin include the beak, embedded organ, and 
phantom (invisible) organ signs, as described by Nishito et al. 
[7] and later Osman et al. [2]. They describe 4 patterns of ret- 
roperitoneal disease spread: (1) within interfascial planes; (2) 
to and from the perinephric space along perinephric bridging 
septa; (3) via lymphatics to and from the perinephric space; 
and (4) hematogenous spread. Patterns of tumor spread may 
provide clues to retroperitoneal tumor origins. For example, 
lymphangiomas and ganglioneuromas grow around normal 
preexisting structures and occupy preexisting spaces. 

Imaging characteristics of retroperitoneal masses are well 
described. Here, we provide a concise description of the 
most common benign and malignant retroperitoneal tumors 
[2:9]. 
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Benign Retroperitoneal Tumors 


Benign retroperitoneal masses include lipoma, fibroma, leio- 
myoma, rhabdomyoma, hemangioma, lymphangioma, 
myelolipoma, angiomyolipoma, lipoblastoma, hibernoma, 
nerve sheath tumors (schwannoma, neurofibroma), and para- 
ganglioma [2]. 

Lipomas are homogeneous, well-defined masses that con- 
sist almost entirely of fat and have no soft-tissue compo- 
nents. They rarely occur in the retroperitoneum. These 
tumors typically grow slowly and present as large retroperi- 
toneal masses. Lipomas must be distinguished from all other 
masses containing fat (see Table 34.1). It is generally 
accepted that the deeper and more centrally a fat-containing 
mass is, the more likely it is to be malignant [10]. 

Lipoblastomas are rare tumors of the retroperitoneum that 
derive from fetal adipose tissue and are mostly seen in young 
children. The preferred imaging modality for these tumors is 
MRI because it can help differentiate lipocytes (high signal 
intensity on T1-weighted images) from lipoblasts (lower sig- 
nal intensity on Tl-weighted images) [11]. On ultrasound, 
lipoblastoma typically appears as a homogenous hyper- 
echoic mass [10]. 

Hibernoma is a rare tumor composed of brown fat and is 
most frequently diagnosed in the fourth decade of life. On 
CT, these tumors have low attenuation and are well-defined 
with intratumoral enhancing septa lacking calcifications. 
Hibernomas can contain white fat, amounts of myxoid mate- 
rial and spindle cells along with brown fat, thus is not sur- 
prising that imaging characteristics may vary among tumors 
[12]. 

Lymphangiomas occur when the retroperitoneal tissue 
lymphatics fail to communicate with the main lymphatic 
vessels. On imaging, they appear as a large thin-walled cyst 
or a multicystic mass with fat and fluid components. These 
tumors rarely have calcifications [9]. 

Myelolipoma is another fat-containing tumor that also 
contains hematopoietic elements that resemble bone marrow. 
It mostly originates from the adrenal gland while extra- 
adrenal origin is rare. The myeloid elements have low signal 
on Tl-weighted images and intermediate signal on 
T2-weighted images [10]. 

Angiomyolipomas are mostly located in the kidneys, but 
they can rarely be found in the retroperitoneum. As their 
name shows, they include three components of tissues: blood 
vessels, smooth muscle cells, and adipose tissue. These 
tumors are asymptomatic, associated with tuberous sclerosis, 
and occasionally manifest with hemorrhage [9]. 

Paragangliomas are the extra-adrenal equivalent of pheo- 
chromocytomas and they arise from chromaffin cells in the 
retroperitoneum. They are most commonly located in the 
organ of Zuckerkandl chromaffin cells, which is situated 
anterior to the aorta at the level of the inferior mesenteric 
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artery. About 40% of these tumors produce catecholamines 
and can have similar clinical symptoms with pheochromocy- 
tomas. Nevertheless, paragangliomas tend to be more aggres- 
sive than pheochromocytomas with a 22-50% chance of 
conversion to malignancy [2, 13]. 

Peripheral nerve sheath tumors comprise another group of 
benign retroperitoneal neoplasms. The most common periph- 
eral nerve tumor is the schwannoma, which is typically dis- 
covered in women aged 30-60 years old. On imaging, 
schwannomas appear as large, well-circumscribed heteroge- 
nous masses featuring cystic degeneration and calcifications. 


Malignant Retroperitoneal Tumors 


Lymphoma is the most common form of retroperitoneal 
malignancy, representing 30% of all these cases. Non- 
Hodgkin lymphoma tends to involve a larger variety of 
lymph node groups than Hodgkin lymphoma. Malignant 
lymph nodes may show moderate homogeneous to patchy 
inhomogeneous enhancement after gadolinium administra- 
tion. In contrast to metastatic lymphadenopathy, primary 
lymphoma usually does not demonstrate nodal necrosis. 
[Retroperitoneal fibrosis after lymphoma therapy may be 
difficult to distinguish from tumor, but fibrosis most likely 
has low T2W signal]. Another characteristic of lymph nodes 
involved by lymphoma is that they extend between struc- 
tures, (or “push” them softly), and rarely compress or invade 
them. Calcification and necrosis occur after treatment. It can 
be difficult to differentiate fibrosis from active disease after 
treatment, in which case positron emission tomography 
(PET) can be used [9, 14]. 

Liposarcoma is the most common retroperitoneal sar- 
coma. Although it is difficult to distinguish from benign 
lipoma, lesion size greater than 10 cm coupled with the pres- 
ence of thick enhancing septa and nodular components may 
be more suggestive of malignancy [15]. It can be classified as 
well differentiated, myxoid, round cell, and pleomorphic. 
The well-differentiated type has characteristics of mature fat 
on CT and MR. They tend to be round or lobulated and the 
presence of calcification is regarded as a sign of poor prog- 
nosis [4]. The myxoid type can have a pseudocystic appear- 
ance and contains a high percentage of water. These tumors 
have attenuation that is lower than that of adjacent muscles, 
yet distinct from pure fluid on CT. Pleomorphic liposarcoma 
typically manifests as a nonspecific soft tissue mass with 
little, if any, visible fat, and an abundance of tumor necrosis 
[5, 16]. 

Cystadenocarcinoma is a retroperitoneal tumor of epithe- 
lial origin that mostly presents in females and is very rare. It 
can be either serous or mucinous and on imaging, it appears 
as a well-defined, homogeneous cystic mass with or without 
septations and solid components [17]. 
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The retroperitoneum is the second-most common site for 
malignant fibrous histiocytoma, the most common type of 
adult soft tissue sarcoma [18]. This tumor is frequently asso- 
ciated with invasion of adjacent organs, which is associated 
with a poorer prognosis in conjunction with larger size. 
Calcification has been identified in 7-20% of lesions [9]. 
Solid lesions often demonstrate a peripheral nodular 
enhancement pattern or “pseudocapsule” on precontrast 
MRI imaging [6]. 

Germ cell tumors rarely originate in the retroperitoneum 
and are more commonly observed in men [9]. Rajiah et al. 
[9] suggested that extragonadal germ cell tumors are often 
observed in the midline between the T6 and S2 vertebrae, 
which is more suggestive of a primary extragonadal germ 
cell tumor than metastasis. 


Indications 


Percutaneous needle biopsy is a well-established interven- 
tional method that is being used for tissue sampling, disease 
staging, and treatment planning [19, 20]. Strauss et al. [21] 
propose that preoperative biopsy is “mandatory” for patients 
with retroperitoneal tumors for which diagnosis is uncertain 
from the radiological appearance and histologies for which 
neoadjuvant therapy may be appropriate as induction ther- 
apy. Percutaneous needle biopsy has almost completely 
replaced open surgical biopsy, and its associated higher mor- 
bidity as demonstrated by Hopper et al. [22]. In the past, fine 
needle aspirations were recommended primarily to reduce 
the risk of hemorrhage or injury to adjacent organs, but the 
safety and efficacy of larger core cutting needles have been 
firmly established [23]. Image-guided percutaneous biopsy 
has been shown to provide satisfactory yield with reduced 
morbidity and mortality [24]. Tissue sampling is also impor- 
tant to characterize retroperitoneal lesions for therapy 
planning. 

Biopsy needle selection has been based primarily upon 
efficacy of tissue sampling for diagnosing and subtyping 
lymphoma. Knelson et al. [25] reviewed CT-guided needle 
biopsy for retroperitoneal lesions, and both the diagnosis and 
the histological subtyping of lymphoma could be determined 
in 10 of 11 cases using the 14-gauge Tru-Cut “core” needle, 
but it was not possible to make the specific diagnosis in any 
of the lymphoma patients using the 20-gauge Chiba “fine 
needle aspiration” needle. Agid et al. [26] reported that 
CT-guided core needle biopsies were sufficient to establish a 
diagnosis in 83% of the patients with lymphoproliferative 
disorders and they suggested that it should be used as the first 
step in the diagnosis of lymphomas. Stattaus et al. [27] 
reported that the correct lymphoma subtype could be revealed 
for retroperitoneal masses in 87% of the patients by using a 
16- or 18-gauge core biopsy system with the coaxial tech- 
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nique under CT guidance. In the study of Tomozawa et al. 
[28], 43 (96%) of 45 patients had a defined diagnosis with 
the correct histological subtype determined with an 18-gauge 
core needle, and subsequent treatment was performed on the 
basis of the biopsy results. Most recently, Shao et al. retro- 
spectively studied more than 300 patients to evaluate the 
technical success rate, diagnostic yield, and clinical value of 
CT-guided needle biopsies. The technical success rate was 
99.7% and minor complications were noted at 11.7% of the 
patients. A 17-gauge coaxial introducer was used to establish 
access to the targeted LN. Fine needle aspirations were per- 
formed with a 22-gauge aspiration needle and core biopsies 
with an 18-gauge core needle. Both were directed through 
this 17-gauge coaxial (outer) introducer [19]. Although nee- 
dle size will be best determined by suspected histology as 
well as local expertise and practice patterns, most core nee- 
dle biopsies performed with 18-gauge needles will provide 
diagnostic material. 

Imaging guidance is often provided by static CT imaging, 
CT fluoroscopy, cone beam CT, or ultrasound, although the 
specific guidance modality is often dictated by operator pref- 
erence or availability of equipment or rooms. The simplest 
and preferred biopsy path trajectory is often a straight line to 
the tumor target from the skin entry site in a single axial 
plane. Off-plane approaches are possible, and often aided by 
combinations of imaging systems and biopsy planning soft- 
ware packages. Ultrasound, CT fluoroscopy, and cone beam 
CT packages which link CT coordinates to the active fluoro- 
scopic image can provide real-time visualization of the 
biopsy needle in the trajectory to the target lesion. These 
advantages may shorten procedure time, reduce nontarget 
punctures, and reduce radiation exposure [29]. 

Ultrasound guidance enjoys the advantage of avoiding 
patient exposure to ionizing radiation. Ultrasound images of 
the retroperitoneum are generated based upon the differential 
ability of tissue to reflect or transmit sound of frequency 
between 3.5 and 7 MHz in the clinical realm. Ultrasound 
permits the operator to monitor needle placement in real- 
time fashion without ionizing radiation as metallic needles 
are sono-reflective. In addition, sonography with color 
Doppler technology can identify significant intra-tumoral 
vascularity to be avoided by needle puncture. Deep abdomi- 
nal and pelvic targets are best imaged with a curved array 
3.5-5 MHz probe, while more superficial targets can be 
imaged with improved resolution with 5 MHz and greater 
linear array probes. Needle guidance can be accomplished 
“freehand” or with the use of specifically designed needle 
guides which attach to the transducer. Ultrasound delineation 
of retroperitoneal masses may be obscured by overlying 
bowel gas, necessitating placing the patient in a lateral decu- 
bitus or prone position for visualization, or even hydro- 
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dissection to create a safer window. Yarram et al. observed an 
ultrasound-guided pelvic mass biopsy success rate of 95.4% 
compared with 84.6% for CT guidance [29]. 

A pre-procedure CT or MRI scan can provide a basis for 
biopsy path and target planning. In general, the planned nee- 
dle biopsy path should exclude the viscera, the pleura, and 
the visible blood vessels. Other structures to be avoided 
which are inconsistently imaged (or not visualized) include 
the ureters and sciatic and genitofemoral nerves. In some 
instances, target selection must be refined toward viable 
regions of tumors as opposed to more necrotic regions. 
Tumor viability is indirectly evidenced by increased soft tis- 
sue density comparable to the muscle, as well as observed 
enhancement following the administration of vascular con- 
trast material (CT or MRI), or FDG PET activity. CT show- 
ing low-density tissue in the central portion of the tumor may 
be related to liquefactive or hemorrhagic necrosis and should 
be avoided during tissue sampling, although high interstitial 
pressure may also show relatively low attenuation, but usu- 
ally not as low as liquefactive necrosis. Leiomyosarcomas in 
particular may demonstrate significant zones of necrosis. 
Hypervascularity may be recognized according to the pres- 
ence of adjacent discrete blood vessels, increased density 
following vascular contrast administration (CT), or by not- 
ing increased blood flow within portions of the lesion accord- 
ing to color Doppler sonography. Characteristic tissue 
components not only aid in radiographic diagnosis but also 
may inform biopsy planning; liposarcomas will have varying 
amounts of fat, with high-grade liposarcomas having the 
least amount. Tissue sampling of suspected liposarcoma 
from areas of increased tissue density may increase diagnos- 
tic yield. Myxoid tissue has well-recognized specific MR 
imaging characteristics [8]. Neurogenic tumors more typi- 
cally contain myxoid tissue, although liposarcomas and 
myxoid malignant fibrous histiocytoma may also exhibit 
myxoid tissue [9]. 

MRI has been employed both as a diagnostic imaging and 
an imaging guidance modality. Previous reports have pre- 
dominantly documented the value of MRI guidance with 
biopsies of hepatic dome masses, masses visible only at 
MRI, or in instances where ultrasound is not feasible [30]. 
Kariniemi et al. (2005) [31] demonstrated high sensitivity 
and specificity ranging from 71% to 100% of both aspiration 
and core biopsies guided by low-field MRI in 31 consecutive 
patients with liver, lymph node, retroperitoneal, adrenal, and 
splenic masses for whom ultrasound-guided procedures 
were not feasible. However, optical tracking was used in this 
study to determine the skin entrance site as well as the 
puncture route. Zangos et al. [32] were able to perform 
MR-guided biopsies of retroperitoneal lesions in 30 patients 
using open low-field MR systems. The authors were able to 
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obtain adequate tissue specimen in 28 out of 30 cases, and 27 
of them resulted in correct pathological diagnosis. They 
reported no vascular or nearby organ injuries. MRI-guided 
procedures require the use of MRI-compatible (nonferro- 
magnetic) needles in order to avoid magnetic susceptibility 
artifacts. 

Percutaneous image-guided biopsy for diagnosis and sub- 
typing may occasionally be limited by the presence of fibro- 
sis, necrosis, and limited ability to specifically target viable 
tumor cells, but PET imaging has the capability to further 
refine biopsy target selection based upon tissue viability and 
exclusion of necrotic tumor. Kitajima et al. (2013) [33] sum- 
marize the '8F-FDG-PET/CT findings of patients with retro- 
peritoneal tumors. Absence of FDG uptake may be seen with 
necrosis, and corresponding areas should be avoided for tis- 
sue sampling. With large and/or previously treated lesions, 
PET scans can identify portions of tumor which are viable 
and suitable for sampling. Specifically, registered PET 
images can be used to target lesions inconspicuous at nonen- 
hanced CT or malignant portions of lesions which also con- 
tain benign tissue such as fat [34]. Care must be exercised, as 
activity in a suspected lesion shows SUV close to the cutoff 
value, or alternatively when a lesion shows FDG uptake due 
to posttreatment inflammation [35]. Multi-modality fusion 
(enabled by optical, electromagnetic tracking, or CBCT) 
allows targeted biopsy using MRI, CT, or PET that best 
shows the specific target. This may be of importance given 
tumor heterogeneity in the era of personalized medicine and 
paired biomarkers such as mutations that may dictate spe- 
cific treatments. 


Tips and Tricks for Biopsy Approach 


Normal status of the retroperitoneal biopsy patient candi- 
date’s coagulation parameters should be confirmed prior to 
biopsy attempt. The Society of Vascular and Interventional 
Radiology Standards of Practice Committee has designated 
retroperitoneal biopsies (excluding renal biopsies) as high 
bleeding risk procedures [36]. Correction of INR within 
range of 1.5-1.8 and platelet count >50,000/uL is recom- 
mended [36, 37]. Although percutaneous core needle biopsy 
of the retroperitoneum is not often associated with signifi- 
cant pain, individual patients may require conscious sedation 
for relief of anxiety related to anticipation of pain. 
Coagulopathy and severe thrombocytopenia are relative con- 
traindications for percutaneous biopsy. Coagulation param- 
eters should be confirmed and corrected prior to planned 
biopsy in conjunction with the hematology team if 
necessary. 
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Coaxial Approach 


Use of a coaxial (“needle within a needle”) technique allows 
for diagnostic aspirations to confirm cellularity and cell via- 
bility prior to obtaining core biopsies. A coaxial approach for 
suspected lymphoma also facilitates sampling for both flow 
cytometry studies and core specimens using a single punc- 
ture. De Bazelaire et al. [38] described that a coaxial intro- 
ducer provided with an additional blunt tip stylet allows safe 
access to difficult-to-reach lymph nodes in the chest, abdo- 
men, and pelvis under CT control. Shao et al. [19] demon- 
strate that use of a 17-gauge coaxial introducer, achieved 
technical success, defined as coaxial needle placement within 
a lymph node, in 99.7% of cases. Furthermore, Van Houdt 
et al. [39] assessed the risk of needle tract seeding after core 
needle biopsy for retroperitoneal sarcomas via transabdomi- 
nal or retroperitoneal approach; they demonstrated that 
coaxial retroperitoneal technique is the safest method with 
very low risk. 


Biopsy Path Planning 


Biopsies of lesions adjacent to the aorta and vena cava are 
most often approached posteriorly with the patient prone or 
in lateral decubitus position, in order to avoid bowel loops, 
large vessels, and viscera such as the pancreas. Large masses 
can often be approached using an anterolateral trajectory in 
the supine position. A safe trajectory can often be facilitated 
by a change in the patient’s position; a bowel loop can be 
displaced medially or laterally out of a planned needle trajec- 
tory by rotating the patient into a lateral decubitus position, 
for example. 

Additional measures to successfully biopsy lesions with 
limited access include hydrodissection, blunt needle tech- 
nique, and alternative transgluteal and _ transosseous 
approaches in addition to the anterior extraperitoneal 
approach through the iliopsoas muscle. These approaches 
were systematically reviewed by Gupta et al. [40]. 
Hydrodissection with normal saline may be used to displace 
an interposed bowel loop or an adjacent vessel, to allow safe 
access to the desired lesion. In Fig. 34.1, a CT-guided aorto- 
caval lymph node biopsy was performed using the method of 
hydrodissection to displace the inferior vena cava anteriorly. 
Alternatively, a custom-tailored, curved needle can be used 
with a coaxial approach to avoid adjacent organs. There is a 
needle with a steerable stylet (Morrison Steerable Needle®, 
AprioMed, Derry, NH) and a miniature robot (XACT 
Robotics™, Hingham, MA) that steers needles as well, both 
FDA approved. Small mesenteric blood vessels can be dis- 


4.1 Patient with history of pancreatic cancer and aortocaval 
lymptiädenöpathy: (a-d) Axial unenhanced CT image of abdomen. 
Aortocaval lymph node of interest was accessed via a coaxial 17-gauze 


placed, and biopsy accomplished using a coaxial approach 
with a blunt tip needle such as the Hawkins ™ blunt needle 
access system. Furthermore, infrarenal or perivascular 
lesions which may appear obscured for biopsy purposes in 
some instances can be accessed using a transvenous approach 
as described by Maleux et al. [41]. 

Lesions or lymph nodes in the internal or external iliac 
chain may be obscured by overlying bowel loops and adjacent 
vessels. In these cases, a transmuscular biopsy trajectory 
through the iliopsoas muscle may avoid bowel injury or injury 
to the external iliac vessels. The transgluteal approach is par- 
ticularly advantageous for presacral or pararectal masses, 
although care must be taken to avoid injury to the sciatic nerve 
by planning the needle trajectory adjacent to the sacrum rather 
than the posteromedial margin of the iliac bone. In rare 
instances, access to a biopsy target lesion can be obtained 
using a transosseous approach through the iliac bone [40]. 


Complications 


A percutaneous biopsy of any retroperitoneal tumor has risks 
that can be associated with immediate periprocedural com- 
plications and long-term consequences. However, most com- 
plications are low grade and rarely require any intervention. 
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In the literature, the most commonly reported complications 
are hematomas, trauma of adjacent organs, pain and infec- 
tions. In a retrospective study of almost 360 patients that 
underwent percutaneous core needle biopsy of retroperito- 
neal masses, the most common complication was minor 
intratumoral bleeding (2%). The remaining complications 
were seen in less than 1% of the patients [42]. In the same 
study, the authors also evaluated the risk of needle tract seed- 
ing. They identified needle tract seeding from radiographic 
review of all patients with a local recurrence in reference to 
needle tract trajectory used during percutaneous biopsy. The 
median follow-up of patients was 44 months and evidence of 
needle tract seeding was noted in 0.5% of the patients [42]. 


Conclusion 


Retroperitoneal biopsy can be safely performed percutane- 
ously with imaging guidance using standard interventional 
tools and techniques, slightly modified for typical situations 
presented by retroperitoneal abnormalities or masses that 
may necessitate tissue sampling. Familiarity with such 
approaches and tools will enhance team discussions sur- 
rounding risk to benefit ratios and the multi-disciplinary 
approach will facilitate safe biopsy when needed. 
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Abbreviations 

APCs Antigen presenting cells 

BCG Bacillus Calmette-Guerin 

cGAS cGMP-AMP synthase 

CRPC Castration-resistant prostate cancer 

CTLA-4 Cytotoxic T-lymphocyte associated protein 4 

DDR DNA damage response and repair 

GM-CSF Granulocyte-macrophage colony-stimulating 
factor 

ICIs Immune checkpoint inhibitors 

THC Immunohistochemistry 

IMDC International Metastatic Renal Cell Carcinoma 
Database Consortium 

MSI-H Microsatellite unstable 

NSCLC Non-small-cell lung cancers 

ORR Objective response rate 

PARP Poly ADP-ribose polymerase 

PD-1 Programmed cell death protein-1 

PD-L1 Programmed death ligand-1 

PSA Prostate-specific antigen 

RCC Renal cell cancer 

Treg Regulatory T cells 

Introduction 


In 1893 William Coley attempted inoculation of live bacteria 
as an immunologic stimulant for cancer treatment [1]. 
Without a deeper molecular understanding, he held a firm 
belief that the immune system is capable of controlling 
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tumor growth. Over a century has elapsed and our knowl- 
edge in tumor immunosurveillance and immune evasion has 
grown exponentially. Within few years since the introduction 
of the first immune checkpoint inhibitors (ICIs) in the clinic, 
numerous expedited FDA approvals of various agents have 
led to a paradigm shift in cancer treatment. This chapter pro- 
vides an overview of advances in immunotherapy applied to 
urothelial, renal cell, and prostate cancers. 


Immune Checkpoint Pathways 


The primary role of our immune system is to recognize and 
remove material that represents “non-self.” Though tumor 
cells are derived from normal human cells and share many of 
the same proteins, a number of proteins are restricted in 
expression to tumor cells such as those derived from mutated 
genes, also known as neoantigens. In order for naïve T-cells 
to gain optimal functionality, an additional costimulatory 
signal is required through interaction of CD28 on the T-cell 
surface with CD80 or CD86 expressed by antigen presenting 
cells (APCs) [2]. To control the amplitude and duration of 
the immune response, the human immune system has evolved 
a series of checks and balances commonly referred to as 
immune checkpoints. Cytotoxic T-lymphocyte associated 
protein 4 (CTLA-4) was one of the first identified immune 
checkpoint. This receptor is constitutively expressed on reg- 
ulatory T (Treg) cells and is capable of binding CD80 and 
CD86 with higher affinity than CD28. Consequently, liga- 
tion of CTLA-4 leads to repression of the second costimula- 
tory signal resulting in anergy and limitation of early T-cell 
activation [3]. The programmed death ligand-1 (PD-L1) and 
programmed cell death protein-1 (PD-1) axis were subse- 
quently identified and are postulated to play a more impor- 
tant role in peripheral T-cell tolerance [4, 5]. Though these 
immune checkpoints were likely developed teleologically to 
control the immune response in the context of infection, it is 
now well established that cancer cells exploit such mecha- 
nisms to overcome antitumor immunity. 
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Urothelial Cancer 


Building on Coley’s experiments, several decades later, the 
biologist Raymond Pearl observed less cancer cases in 
patients with active tuberculosis [6]. The encouraging clini- 
cal benefit of intravesical bacillus Calmette-Guerin (BCG) in 
patients with non-muscle invasive bladder cancer reported 
later by Morales in 1976 set the stage for use of immuno- 
therapy for cancers arising in the urinary tract [7]. However, 
the clinical benefit of intravesical therapy is limited to non- 
muscle-invasive disease [8]. For patients with metastatic uro- 
thelial cancer, systemic treatment options were limited to 
chemotherapy for decades. While urothelial cancer is a rela- 
tively chemotherapy-sensitive neoplasm, response durations 
are typically short and treatment can be difficult to deliver to 
subsets of patients with borderline renal function or func- 
tional status [9, 10]. The development of ICIs has expanded 
the therapeutic landscape for metastatic urothelial cancer 
and as of 2019, five PD-L1/PD-1 inhibitors have been 
approved by the US FDA for the treatment of locally 
advanced or metastatic bladder cancer as either first-line 
therapy for patients unable to receive cisplatin-based chemo- 
therapy or as second-line treatment in patients with progres- 
sive disease despite prior platinum-based chemotherapy 
(Table 35.1) [11-18]. 

Atezolizumab was the first PD-1/PD-L1 inhibitor to 
achieve approval by the US FDA for the treatment of 
advanced urothelial cancer. IMvigor 210 was an open-label, 
multicenter, single-arm phase 2 study aimed at elucidating 
the safety and efficacy of atezolizumab. The study included 
two cohorts, cohort 1 explored single-agent atezolizumab in 
cisplatin-ineligible chemotherapy-naive patients with meta- 
static urothelial cancer, while cohort 2 explored single-agent 
atezolizumab in patients with platinum-resistant metastatic 
urothelial cancer. The objective response rate (ORR) to 
atezolizumab in patients treated in cohort 2 was only 15%; 
however, most responses were durable with the median dura- 
tion of response not reached at the time of the initial report of 
the data with a median follow-up of 17.5 months [11]. 
Coupled with a relatively favorable safety profile in the con- 
text of historical anticancer therapies, these data led to expe- 
dited approval of atezolizumab by the US FDA. Subsequently, 
cohort 2 reported a slightly higher ORR in cisplatin-ineligible 
chemotherapy-naive patients leading to expedited approval 
in this population. A series of phase 1 and phase 2 trials, 
conducted largely in parallel, reported similar ORR and sur- 
vival outcomes in highly similar patient populations with 
several other PD-1/PD-L1 inhibitors including pembroli- 
zumab, nivolumab, durvalumab, and avelumab [12-15]. 
Each of these trials included correlations between expression 
of PD-L1 in archival tumor specimens, based on immunohis- 
tochemistry (IHC), with treatment outcomes with most, but 
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not all, trials demonstrating an enrichment in ORR with 
increased PD-L1 expression. However, interpretation of 
these data has been hampered by the heterogeneity in anti- 
body clones used for IHC developed in companion with each 
therapeutic antibody, various populations of cells scored in 
each assay (i.e., cancer cells versus immune cells versus 
both), and diverse cut-points to establish a “positive” test 
(refer to the tables) [16]. 

Two phase 3 trials have been completed comparing PD-1/ 
PD-L1 blockade with standard chemotherapy in patients 
with metastatic urothelial cancer progressing despite prior 
platinum-based chemotherapy. IMVigor 211 and 
Keynote-045 were very similar in design, comparing 
atezolizumab or pembrolizumab with standard chemother- 
apy, respectively [17, 18]. However, there are some impor- 
tant design differences between these trials which likely 
contributed, at least in part, to the results. Overall survival 
was a primary endpoint of both trials and both trials pro- 
spectively sought to compare overall survival with PD-1/ 
PD-L1 blockade versus standard chemotherapy in all 
enrolled patients and in the subset of patients with “PD-L1 
high expressing” tumors. IMVigor 211, however, used a 
hierarchical approach requiring the study to demonstrate a 
significant improvement in overall survival between atezoli- 
zumab- and chemotherapy-treated patients with high PD-L1 
expressing tumors in order for the hypothesis to be formally 
tested in the “all comer” population. Alternatively, in 
Keynote-045, the alpha (probability of rejecting the null 
hypothesis when it is true) of 0.05 was split between the all 
PD-L1 high and the all-comer populations such that both 
hypotheses could be tested regardless of the outcome in 
each population. The PD-L1 assays performed somewhat 
unexpectedly in these trials. In IMVigor 211, the ORR was 
similar with atezolizumab and with chemotherapy in the 
overall population and in the PD-L1 high population though 
both arms demonstrated a higher ORR in the PD-L1 high 
population. The trial did not demonstrate an improvement in 
overall survival with atezolizumab versus chemotherapy 
(HR = 0.87, 95% CI 0.63-1.21) in the PD-L1 high popula- 
tion and while there was significant improvement in overall 
survival in the all-comer population, based on the hierarchi- 
cal design, this analysis was considered exploratory. 
Conversely, Keynote-045 demonstrated a higher ORR with 
pembrolizumab versus standard chemotherapy in the all- 
comer population which was only slightly further enriched 
in the PD-L1 high population. Overall survival was signifi- 
cantly improved with pembrolizumab versus standard che- 
motherapy in both the PD-L1 high (HR 0.57, 95% CI, 
0.37-0.88) and all-comer (HR 0.73, 95% CI 0.59-0.91) 
populations. Notably, both trials confirmed a favorable 
adverse event profile with PD-L1 blockade relative to stan- 
dard chemotherapy. Whether there are clinical differences 
between PD-1 versus PD-L1 blockade in urothelial cancer, 
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or between different therapeutic antibodies, is unclear and 
direct comparative trials are highly unlikely to be pursued. 
A systematic review and network meta-analysis reported 
very similar survival outcomes among the FDA-approved 
agents [19]. 

Several combination strategies are being pursued in an 
attempt to extend the benefits of PD-1/PD-L1 blockade to 
larger patient populations including combinations with other 
ICIs. CheckMate 032 assessed the safety and clinical profile 
of nivolumab in combination with an anti-CTLA-4 agent, 
ipilimumab. Two cohorts were enrolled in CheckMate 032, 
one receiving a higher dose of ipilimumab (3 mg/kg) and one 
receiving a lower dose (1 mg/kg) [20]. The ORR with the 
group receiving higher-dose ipilimumab, 39% (95% CI 
20.2—59.4) was numerically higher than achieved with the 
lower-dose ipilimumab combination as well as with patients 
treated historically with single-agent PD-1/PD-L1 blockade 
[20]. This regimen has advanced to definitive testing in 
CheckMate 901, a randomized trial comparing standard che- 
motherapy with ipilimumab plus nivolumab or with chemo- 
therapy plus nivolumab as first-line treatment in patients 
with metastatic urothelial cancer. The combination of the 
PD-L1 inhibitor, durvalumab, with the CTLA-4 inhibitor, 
tremelimumab, has also been explored in patients with 
platinum-resistant metastatic urothelial cancer. In a single- 
arm trial enrolling 198 patients, the ORR with durvalumab 
plus tremelimumab was 20.8% (95% CI 15.0—27.8) [21]. 
The DANUBE trial is an ongoing 3-arm randomized trial 
that seeks to compare overall survival in patients with meta- 
static urothelial cancer treated with first-line durvalumab 
monotherapy versus durvalumab plus tremelimumab versus 
standard chemotherapy. While single-arm trial suggests an 
increase in ORR with the combination of PD-1/PD-L1 
blockade plus CLTA-4 blockade compared with single-agent 
PD-1/PD-L1 blockade, the risk for immune-related adverse 
events is also increased. 

Given the highly favorable outcomes achieved in a subset 
of patients with metastatic urothelial cancer treated with ICI, 
clinical trials with these therapies have rapidly moved to ear- 
lier disease states of urothelial cancer, including in the peri- 
operative setting for muscle-invasive urothelial cancer of the 
bladder as well as for the treatment of non-muscle-invasive 
disease. 


Renal Cancer 


Treatment of metastatic renal cell cancer (RCC) long relied 
on immunomodulatory strategies, with interferon alpha or 
interleukin-2, until the early 2000s and the era of therapies 
targeting the vascular endothelial growth factor signaling 
axis. Given the durable responses achieved in a subset of 
patients treated with cytokines and being a disease that has 


B. Zheng-Lin and M. D. Galsky 


been largely resistant to cytotoxic chemotherapy, RCC was a 
prime target for early studies with ICI (Table 35.2) [22-27]. 
While several PD-1/PD-L1 inhibitors have been explored for 
the treatment of metastatic RCC, interestingly only the PD-1 
inhibitor nivolumab has been approved as a single-agent. 
The CheckMate 025 phase 3 trial compared nivolumab with 
everolimus in patients with metastatic renal cancer progress- 
ing despite prior vascular endothelial growth factor tyrosine 
kinase inhibitors. Nivolumab was associated with a longer 
median overall survival of 25.0 months (95% CI, 21.8 to not 
reached) versus 19.6 months (95% CI, 17.6—23.1) compared 
with everolimus [28]. 

PD-1/PD-L1 inhibitor-based combination regimens have 
been rapidly explored in metastatic RCC. Similar to meta- 
static urothelial cancer, the combination of nivolumab plus 
ipilimumab has been explored in RCC though the combina- 
tion in RCC has advanced using a lower dose of ipilimumab 
(i.e., 1 mg/kg). CheckMate 214 randomized patients with 
treatment-naive metastatic clear-cell advanced RCC to ipili- 
mumab plus nivolumab versus sunitinib. Although the trial 
enrolled patients with all RCC prognostic groupings as 
defined by the International Metastatic Renal Cell Carcinoma 
Database Consortium (IMDC), the primary endpoints were 
the ORR, progression-free survival, and overall survival 
among intermediate- and poor-risk patients. At a median 
follow-up of 25.2 months, nivolumab plus ipilimumab com- 
pared with sunitinib demonstrated an ORR of 42% versus 
27% (P <0.001) and a complete response rate was 9% versus 
1%, respectively; the median overall survival with ipilim- 
umab plus nivolumab was not reached versus 26.0 months 
with sunitinib (HR = 0.63; P < 0.001) [22]. At the time of the 
initial analysis, the outcomes favored sunitinib versus ipilim- 
umab plus nivolumab in patients in the IMDB favorable risk 
group though these differences appear to become less strik- 
ing with longer follow-up. Based on the results of CheckMate 
214, nivolumab plus ipilimumab was approved by the US 
FDA in April 2018 for the treatment of patients with IMDC 
intermediate and poor risk with metastatic RCC [23]. 

Combinations of PD-1/PD-L1 blockade with therapies 
targeting the vascular endothelial growth factor signaling 
axis have also been extensively explored. In addition to the 
lack of clinical cross resistance between these therapeutic 
classes, therapies targeting the vascular endothelial growth 
factor signaling axis are also hypothesized to induce favor- 
able immunomodulatory effects such as improved trafficking 
of T-cells to the tumor microenvironment and/or depleting 
myeloid derived suppressor cells [24—26]. 

IMmotion151 was the first reported phase 3 trial to assess 
PD-L1/PD-1 pathway inhibition combined with an anti- 
vascular endothelial growth factor receptor therapy [27]. 
Treatment-naive patients with metastatic RCC were enrolled 
(regardless of IMDC risk group) and randomized to atezoli- 
zumab plus the anti-vascular endothelial growth factor 
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receptor antibody bevacizumab versus sunitinib. A 
statistically significant improvement in median progression- 
free survival was observed with atezolizumab plus bevaci- 
zumab compared to sunitinib with a HR 0.83 in the all-comer 
population and a HR 0.74 in the “PD-L1 high expressing” 
group [27]. 

JAVELIN Renal 101 randomized patients to avelumab 
plus the small molecule vascular endothelial growth factor 
receptor inhibitor axitinib versus sunitinib. The primary end- 
points were progression-free survival and overall survival 
among patients with “PD-L1 high expressing” tumors, 
defined as PD-L1 of 1% or more expressed on immune cells. 
Compared with treatment with sunitinib, patients treated 
with avelumab plus axitinib demonstrated a significantly 
longer median progression-free survival in the PD-L1 posi- 
tive subgroup of 13.8 months versus 7.2 months (HR 0.61; 
95% CI, 0.47-0.79; P < 0.001); a similar significant benefit 
was observed in the overall population [29]. 

KEYNOTE-426 assessed axitinib plus pembrolizumab 
versus sunitinib in treatment-naive advanced RCC. In this 
open-label phase 3 study, the combination group showed sta- 
tistically significant improvement in both overall survival 
(HR 0.53) and progression-free survival (HR 0.69). This 
benefit was observed in all subgroups regardless of PD-L1 
expression categories or IMDC risk groups. The ORR was 
also significantly higher in pembrolizumab-axitinib group 
than sunitinib group, 59.3% versus 35.7%, respectively 
(p < 0.001) [30].Given the rapid introduction and regulatory 
approval of several combination strategies including ICI 
doublets and PD-1/PD-L1 blockade plus therapies targeting 
the vascular endothelial growth factor signaling axis into the 
first-line treatment setting for metastatic RCC, the optimal 
regimen remains unclear and may be informed by longer- 
term follow-up and a better understanding of whether dura- 
ble responses, without the need for ongoing treatment, can 
be achieved in some patients. 


Prostate Cancer 


Contrary to urothelial carcinoma and RCC, a paradox has 
been observed in immune therapy applied to prostate cancer. 
The success of Sipuleucel-T, a cellular therapeutic antican- 
cer “vaccine,” on prolonging overall survival in men with 
metastatic castration-resistant prostate cancer (CRPC) signi- 
fied that this entity may be amenable to immunomodulation 
[31]. However, ICIs failed to grant survival benefit after test- 
ing in multiple clinical trials. 

Ipilimumab demonstrated antitumor activity with durable 
prostate-specific antigen (PSA) declines when delivered 
with radiotherapy in patients with castration-resistant meta- 
static prostate cancer [32]. However, in a subsequent phase 3 
trial (CA184—043) enrolling men with castration-resistant 
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metastatic prostate cancer progressing despite docetaxel, ipi- 
limumab failed to show an improvement in overall survival 
[33]. Though the results of CA184—043 were postulated to 
be due to, at least in part, the heavily pre-treatment cohort 
enrolled, similar results were observed in a separate phase 3 
trial enrolling chemotherapy-naive patients [29]. Nonetheless, 
in both trials ipilimumab was associated with a significantly 
longer progression-free survival and higher rate of PSA 
reductions compared with the control arms, suggesting anti- 
tumoral activity in at least a subset of patients. 

Though phase 1 trials with PD-1/PD-L1 blockade ini- 
tially limited enthusiasm for the further investigation of 
PD-1/PD-L1 blockade in patients with castration-resistant 
prostate cancer based on a lack of responses in the few 
patients enrolled, additional study has suggested that this 
therapeutic class may have a role in select patients or with 
combination approaches. Based on the hypothesis that 
tumors deficient in mismatch repair may generate hypermu- 
tated genomes increasing the likelihood of expression of 
altered proteins visible to an individual’s immune system, Le 
et al. performed phase 2 trials of pembrolizumab in patients 
with microsatellite unstable (MSI-H) solid tumors which 
were predominantly colorectal in origin but that included 
other MSI-H solid tumors as well [34]. This trial demon- 
strated an ORR of >40% in MSI-H metastatic solid tumors 
leading to FDA approval of pembrolizumab for MSI-H met- 
astatic cancers in a tumor-of-origin agnostic manner. Prostate 
cancers have been demonstrated to rarely harbor mutations 
in mismatch repair genes. In a study of 1033 patients with 
prostate cancer who underwent molecular profiling at 
Memorial Sloan Kettering Cancer Center, 3.1% had MSI-H 
cancers [35]. Eleven patients with MSI-H castration-resistant 
prostate cancer received anti-PD-1/PD-L1 therapy and 6 of 
these patients achieved a >50% decline in prostate-specific 
antigen levels. Hypermutated genomes, and responses to 
PD-1/PD-L1 blockade, have also been observed in patients 
with prostate cancer harboring the rare biallelic less of 
CDK12 [36]. These findings highlight the growing impor- 
tance of DNA sequencing of prostate cancers in an effort to 
identify the small subsets of patients who may benefit from 
single-agent PD-1/PD-L1 blockade. 

Combination regimens with PD-1/PD-L1 blockade in 
castration-resistant metastatic prostate cancer have been 
assessed both in molecularly selected populations as well as 
in broader populations. Somatic or germline mutations in 
DNA damage response and repair (DDR) genes are present 
in a small subset of prostate cancer and have been shown to 
confer sensitivity to inhibitors of the enzyme poly ADP- 
ribose polymerase (PARP) [37]. Because such mutations 
may lead to an increased mutational burden, or to other 
downstream immunomodulatory effects (e.g., activation of 
the STING pathway), several trials have sought to combine 
PD-1/PD-L1 blockade with PARP inhibitors. Such trials 
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have demonstrated intriguing activity, though the vast 
majority of them to date have been single-arm and the contri- 
bution of the ICIs to the observed activity is not yet clear. 
Based on data from model systems demonstrating antiandro- 
gens may lead to upregulation of PD-L1, Graf et al. per- 
formed a phase 2 study of enzalutamide plus pembrolizumab 
in patients progressing despite prior enzalutamide and 
reported major responses including post-treatment declines 
in PSA and regression of measurable disease in a subset of 
patients [38]. At least some of these patients were subse- 
quently demonstrated to harbor MSI-H tumors. A large 
phase 1b/2 trial of enzalutamide plus pembrolizumab has 
demonstrated similar results with a PSA response rate of 
26% in all enrolled patients and of 40% among those with 
RECIST-measurable disease [39]. Randomized phase 3 trials 
are ongoing. Similar to urothelial cancer and renal cancer, 
the combination of ipilimumab plus nivolumab has also been 
explored in prostate cancer. A phase 2 trial reported by 
Sharma et al. enrolled two patient cohorts: (a) chemotherapy 
naive, (b) post-prior chemotherapy [40]. The combination 
regimen was associated with an ORR of 25% and 10% in 
chemotherapy-naive and chemotherapy-treated patients, 
respectively, though the rates of grade 3—4 adverse events 
were relatively high compared with that typically associated 
with single-agent PD-1/PD-L1 blockade. Several definitive 
randomized trials involving ICIs in prostate cancer are ongo- 
ing although outside of the context of select patients harbor- 
ing specific molecular vulnerabilities. The role of ICIs more 
broadly in the management of prostate cancer remains uncer- 
tain at this time. 


Radiation Therapy and the Abscopal Effect 


The abscopal (“ab’— away from, “scopus” — target, aim] 
response was first proposed over five decades ago as phe- 
nomenon consistent with radiotherapy-induced tumor 
regression at sites distant to the irradiated field [41]. Although 
first seen in lymphoid malignancies, subsequent case reports 
suggested its occurrence in other tumor types [42-44]. 
Golden et al. sought to prospectively establish the potential 
role of the abscopal response in solid tumors [45]. In this 
single-arm trial, 41 patients with at least three metastatic foci 
from diverse primary tumors were enrolled, these included 
lung cancer, gynecological malignancies (including breast, 
ovarian, and cervical cancer), urothelial cancer, and others. 
In addition to standard systemic treatments and subcutane- 
ous granulocyte-macrophage colony-stimulating factor 
(GM-CSF), fractioned radiotherapy was applied to only one 
of the metastatic sites. In subsequent follow-up with comput- 
erized tomography imaging, 27% of the patients were 
observed to have demonstrable abscopal response. 
Noteworthy, 2 of the 11 responders that were carriers of non- 
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small-cell lung cancers (NSCLC) had complete abscopal 
response, defined as complete disappearance of the nonirra- 
diated sites; while others responded partially with 30% or 
more size reduction of the distant lesions. Two of the groups 
with more common abscopal responses were non-small-cell 
lung cancer (4 out of 11 patients) and breast cancer (5 out of 
11). No response was seen in the two patients with urothelial 
cancer in their cohort. Interestingly, better overall survival 
was observed among responders versus non-responders, 
21 months (95% CI 11.05-30.96) versus 8.3 months (95% 
CI 5.03-13.29), respectively [45]. 

The mechanistic basis for the abscopal response with 
radiation is not completely defined but much progress has 
been made in dissecting the immunomodulatory effects of 
radiation. Radiation may induce immunogenic cell death 
leading to the release of proinflammatory substances by both 
tumor cell and leukocyte contents including pathogen- 
associated molecular patterns [46]. Radiation may also 
increase MHC-I expression on cancer cells [47] or enhance 
various components of the antigen processing and presenta- 
tion pathway [48, 49]. 

Several reports indicate that similar mechanisms underly- 
ing the abscopal effect may lead to enhanced activity when 
combining radiation therapy with ICIs and given the interest 
in ICIs, additional mechanistic insights have been generated 
[43, 50-54]. The cGAS-STING signaling axis may play a 
key role. CGMP-AMP synthase (cGAS) found in dendritic 
cells acts as a cytoplasmic DNA sensor for dsDNA derived 
from irradiated tumor cells [55]. This enzyme functions by 
catalyzing the synthesis of cGMP-AMP which in turn acti- 
vates by binding to the adaptor protein STING to induce type 
I interferons and other modulatory molecules of the innate 
immune response. In addition, studies in both model systems 
and human specimens reveal that radiation may induce 
expression of immune checkpoints such as PD-L1 [56-58]. 
The emerging role of radiation plus ICIs paves the way for 
exploring of the immunomodulatory effects of other ablative 
local therapies. Indeed, studies in models systems and human 
tissue indicate that local therapies such as cryoablation may 
induce a brisk inflammatory infiltrate [59, 60]. Much more 
exploration of such strategies is required in the clinic prior to 
establishing the safety and utility of such approaches. 


Conclusion 


Within a relatively short timeframe, ICIs have become a 
major pillar of treatment for urothelial and renal cancer and 
are playing an emerging role in prostate cancer. The role of 
ICIs in genitourinary malignancies is likely to further expand 
as such therapies demonstrate benefit in earlier and earlier 
disease states. Capitalizing upon the abscopal effect with 
local therapies such as radiation and other ablative strategies 
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represents the next generation of combination strategies 
worthy of intense investigation for clinical, practical, and 
scientific reasons. 
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